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THE ZEEMAN EFFECT FOR TITANIUM! 
By ARTHUR S. KING 

In a former paper? the writer published a list of titanium lines 
with their separations in the magnetic field. These were lines which, 
for the most part, show a separation other than that of the normal 
triplet when the source of light is observed at right angles to the lines 
of magnetic force. They were selected from the mass of titanium 
lines to see how closely their types of separation agree with the sepa- 
rations of the same lines in sun-spot spectra. The comparison showed 
clearly that in the less refrangible part of the spectrum the agreement 
is so good as to leave little doubt that the magnetic field of the sun- 
spot is of such character that much of the light comes to us at a large 
angle to the lines of force. 

The photographs from which this study was made contain a more 
complete record of the behavior of the titanium lines in the magnetic 
field than has yet been published for the region from A 3900 to A 6600, 
so that it may be well now to publish a complete list of the measure- 
ments obtained for lines in this region. This list overlaps to some 
extent that published by Purvis, but the majority of his measure- 
ments are for lines farther to the violet, only lines of very distinct 
separation being measured through the range covered by my plates. 

A large proportion of the titanium lines are either narrow triplets 
or of higher order of separation, so that even with the high dispersion 

t Contributions from the Mount Wilson Solar Observatory, No. 39. 


2 Ibid., No. 34; Astrophysical Journal, 29, 76, 1909. 
3 J. E. Purvis, Proceedings, Cambridge Philosophical Society, 14 (1), 4. 
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used (about 0.93 Angstréms to the mm in the violet) quadruplets often 
appear as diffuse doublets, and other types have their components 
blended to such an extent that measurement is impossible. For this 
reason the Nicol prism was used very freely, when the light was 
observed across the lines of force, to separate the components given 
by light-vibrations parallel to the lines of force, the “ transverse effect,” 
from those whose light-vibrations are in a plane perpendicular to the 
lines of force, the “longitudinal effect.” 

The experimental method was briefly described in the former 
paper. The source of light was the electric spark given by a 5 K.W. 
transformer. The spark terminals were pieces of titanium held in 
brass clamps between the poles of a DuBois electro-magnet. Self- 
induction was used as a rule in the spark circuit to sharpen the lines. 
The pole-pieces of the magnet were conical, of 60° angle, the faces 
being } inch (6 mm) in diameter. The magnet was provided also 
with a pierced pole-piece which permitted the light to be taken 
parallel to the lines of force, along the axis of the magnet. 

Measurements of the field-strength were made by means of a 
bismuth spiral small enough to secure a good uniformity of field 
within its area. A considerable percentage variation of the field was 
found between the middle of the gap and the region close to the pole- 
pieces. This was shown also in the spectrum photographs by the 
bending outward of the ends of components of separated lines when 
the slit was parallel to the lines of force and rather long. A magnetic 
gap of ;°, inch (8 mm) was generally used and there was little variation 
of the field over the middle half of the gap where the brightest portion 
of the spark played which was focused on the slit. 

The majority of the photographs were taken with a field-strength 
of 12,500 gausses. Other field-strengths of 13,800 and 18,400 were 
used. With the latter field a second-order dispersion of 1.37 Angstrém 
units to the millimeter was usually ample to determine the character 


of the separated lines. 

The photographs were all made with the 13-foot (4 m) vertical 
Littrow spectrograph. The second and third orders were used for 
all photographs on which final measurements were based; though the 
first order was occasionally employed to get a general view of a 
large region. A small metal platform above the slit supported a 
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Nicol prism in a rotating holder. By rotating the latter through 
go°, either of the polarized components of the light from the spark 
could be allowed to pass. 

In the following table, the measurements are for a field of 12,500 
gausses, the separations for stronger fields being reduced to this value. 
The order of separation which the line undergoes in the magnetic 
field is given in the second column, with the reservation that further 
separation of the components might appear with still higher dispersion. 
This would occur for the most part in the case of the more complex 
types. Thus it is possible that some of the lines given as quadruplets 
would show their outer components still farther separated. ‘The same 
is true for the quintuplets, some of which probably have at least seven 
components. The third column, headed “longitudinal effect,” gives 
the separations observed when the light is viewed along the lines of mag- 
netic force. Sharper lines were obtained by viewing the spark across 
the lines of force and taking the light from the middle of the gap. Most 
of the measurements for the longitudinal effect were obtained in this 
way, the Nicol prism being turned so as to transmit the light with vibra- 
tions in a plane at right angles to the lines of force. The photographs 
for the fourth column, giving the “ transverse effect,” were then obtained 
by turning the Nicol through go°, thus transmitting the light with 
vibrations parallel to the force-lines. ‘The numbers give the separa- 
tions of any components that could be measured under these condi- 
tions in terms of 4A//?, the number given to be multiplied by 1ro~°. 

There are a few lines for which the order of accuracy in the 
measurements is considerably less than for the main body of the lines, 
due to blends or other disturbing features in the photographs. These 
lines are denoted by an asterisk. 

Discussion oj tables—An examination of the tables shows that 
while the great majority of the titanium lines are separated into 
triplets by the magnetic field, other types of separation are well repre- 
sented. The largest number of components observed were eight for 
the line A 4281.53, this line showing five components for the longi- 
tudinal effect and three for the transverse, the constituent lines being 
of about equal intensity in both cases. Separations of seven, six, five, 


and four components are each represented by a group of lines. The 
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Spark 
) r Observed at AA/A? Spark, _ 4A/A2 Spark, ee 
} | Right Angles | Longitudinal Effect Transverse Effect 
| to Force-Lines 
| . | —| Sa ee a eee 
3904.93 | Triple I.19 Single 
3921.56 | At least Components .. 73 
| quin- | __ blended, 
| | tuple probably 
| triple 
3924.67 | Quadruple 1.47 ° 78 
4 3926.46 | Triple 1.28 Single 
3930.02 | At least | Components 1.36 
|  quin- blended, 
| | tuple probably 
triple 
3932-16 | Triple 1.94 Single Enhanced line 
| 3934-37 | Triple I.47 Single 
3947-92 | Triple 0.78 Single 
3948.82 | Triple 1.04 Single ' 
3956.48 | Triple .28 | Single 
| 3958.36 | Triple z.56 Single 
3962.99 | Triple 2.04 Single 
3964.42 | Triple 1.88 Single 
3981.92 | Triple 1.67 Single 
3982.63 | Sextuple Inner 0.80 2.22 
Outer 2.87 wise 
3989.91 | Triple 1.41 Single 
3998.79 | Triple 1.67 Single 
/ 4002.65 | Triple 1.35 Single 
i 4003.91 | lriple 2.04 Single 
4009.08 | Triple 1.65 Single 
4009.81 | Unsepa-- 
rated 
4012.54 | Quadruple ©.99 0.81 Longitudinal compo- 
| nents widened. Perhaps ) 
narrow sextuplet. En- 
/ hanced line 
4013.80 | Triple 1.22 Single 
4021.89 | Triple 1.17 Single 
4024.73 | Triple 1.82 Single 
*4025.29 | Triple? I.39 Widened, not Enhanced line 
resolved 
4026.69 | Triple 1.26 Single 
| 4028.50 | Triple 1.29 Single Enhanced line 
4030.65 | Triple ..33 Single 
j 4034.05 | Triple E.e3 Single 
4035.98 | Triple 1.62 Single 
4053.98 | Triple 1.28 Single Enhanced line 
4055.19 | Triple 1.79 Single | Enhanced line 
4060.42 | Triple 1.84 Single 
4064.36 | Triple I.70 Single ’ 
4065.24 | Triple 1.84 Single 
4078.63 | Triple 1.81 Single 
4082.59 | Triple 1.81 Single 
j 4109.95 | Triple I.47 Single 
4112.87 | Quadruple 1.48 1.21 
. 4122.31 | Triple Z.a5 Single 
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Spark 
Observed at 


| Right Angles 
to Force-Lines | 
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AA/A?* Spark, 
Transverse Effect 
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Remarks 





Single 
Single 


Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 


0.81 
©.00 
°.giI 
Single 
Single 
©.70 
0.63 
Single 
I.09 
Single 


Single 


Single 
Single 
Single 
Single 
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Components faint, ap- 


parently triple in longi- 
tudinal effect 


Enhanced line 


Enhanced line 


Enhanced line 
Enhanced line 


M’dle compon’t widened 


Enhanced line 

Blend of red component 
with unseparated line 
may cause apparent 
asymmetry of longi- 
tudinal triplet 


Enhanced line 


Enhanced line 
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r Observed at 3A/a? Spark, __ 4A/A? Spark, een ea 
Right Angles | Longitudinal Effect Transverse Effect 
{ to Force-Lines 
| ——__ — —_ eS 
| 4300.73 | Triple 1.10 Single 
4301.16 | Triple t.37 Single 
4302.08 | Sextuple Inner 0.67 0.93 Enhanced line 
Outer 2.47 
4306.08 | Triple E.§2 Single 
4308.64 | Quadruple 1.89 0.99 
f 4313.03 | Quad- 1.85 Widened, not Enhanced line 
ruple r resolved 
4314.96 | Triple 1.65 Single ( Difficult 
| 4315.14 Quadruple 1.55 1.13 Enhanced line + heed 
4318.82 | Triple I. 39 Single 
*4321.12 | Sextuple Inner 1.17 I.05 
| Outer 3.11 
*4321.81 | Triple 1.26 Single 
4325.31 | Triple 1.28 Single 
4326.52 | Triple 1.63 Single ' 
4338.08 | Triple 1.18 Single Enhanced line 
4344.45 | Triple 1.88 Single Enhanced line 
| 4351.00 | Triple 1.48 Single Enhanced line 
4367 .84 | Triple I.30 Single Enhanced line 
4387.01 | Triple t.a7 Single Enhanced line 
4399.94 | Triple 27 Single Enhanced line 
4404.43 | Triple I.39 Single 
I 4417.45 | Triple 1.36 Single 
| 4417.88 | Triple ©.90 Single Enhanced line 
4418.50 | Triple 1.46 Single 
i 4421.93 | Triple :.92 Single Enhanced line 
4426.20 | Triple I.20 Single 
4427.27 | Triple 1.19 Single 
| 4434.17 | Triple 0.8 Single 
4440.52 | Quadruple | ra 0.84 ) 
4443.98 | Triple £25 Single Enhanced line 
*4444.73 | Quadruple 1.02 0.96 
4449.31 | Triple 1.44 Single 
4450.65 | Sextuple 2.46 1.00 Longitudinal effect is 
mean for two outer 
pairs. Enhanced line 
4451.09 | Triple 2.87 Single 
4453-49 | Triple 0.78 Single 
‘| 4453.88 | Triple 0.87 Single 
4455.48 | Triple I.30 Single 
4457-60 | Triple 3. $3 Single 
1.08 otis Central line very strong 
4464.62 | Quintuple | 40.00 1.05 ' in longitudinal effect. 
| / I.02 ere Enhanced line 
4465.98 | Triple 1.74 Single 
4468 .66 Triple 1.39 | Single Enhanced line 
4471.02 | Quadruple | Too weak to 1.54 ' 
7 measure 
| 4471.41 | Septuple? | Inner pair | Components 
] 1.43; outer | blurred, 
: pair too weak probably 
4 to measure triple 
, 
} 
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Spark 
Observed at AA/A? Spark, AA/A? Spark, 
a . f ae 7 “ot fem: 
Right Angles | Longitudinal Effect Transverse Effect Remarks 


to Force-Lines 


4480.75 | Triple 


3.04 Single 
4481.44 | Triple 2.00 Single 
4482.84 Triple 1.93 Single 
4488.49 Triple 1.29 Single Enhanced line 
4489.26 Septuple? | 1.53; also, a Components 
faint outer blurred, 
pair probably 
triple 
4496.32 Triple t.99 Single 
4501.45 | Triple 1.19 Single Enhanced line 
4512.91 Triple r.7% Single 
4518.20 | Triple 1.83 Single 
4522.97. Triple 1.88 Single 
0.00 
4527.49 Septuple vedi 4 0.00 
i ti Outer 2.46 ( 
0.60 
4529.66 Quadruple 1.10 0.84 Enhanced line 
533-42 | Triple 1.76 Single 
4534-14. Triple 1.38 Single Enhanced line 
*4535-74 | Triple r.72 Single 
*4536.09 Triple 1.70 Single 
536.22 Unsepa- , ere Line has close companion 
rated to red which appears 
unseparated 
4544.86 Septuple Outer 2.39 (° 60 
Inner too faint | 30.00 
* to measure lo oI 
4548.94 Triple 1.86 Single 
4549.81 Triple 1.39 Single Enhanced line 
4552.63 | Triple 1.84 Single 
4555.66 | Triple 1.81 Single 
! 4563.94 | Triple 1.04 Single Enhanced line 
4572.16 | Triple toe Single Enhanced line 
4590.13 | Quadruple I.22 0.97 * Enhanced line 
4617.45 | Triple 1.47 Single 
4623.28 | Quadruple ..27 Not clearly re- 
solved 
—, Too weak to \ rip 4 
a, . measure 
9.54 
4638.05 | Triple 1.86 Single 
4639.54 | Quadruple 2.12 0.76 
*4639.85 | Quadruple | Components 0.64 
blended with 
adjacent 
lines 
*4640.12 | Quadruple 2.75 1.18 
' 4645.37 | Triple 3.08 Single 
4650.19 | Triple 2.54 Single 
4656.64 | Triple I.00 Single 
4667.77 | Triple 1.19 Single 
4682.99 | Triple 1.37 Single 
4691.52 | Triple 1.42 Single 














Spark 
A Observed at AA a? Spark, , AA a? Spark, Re ks 
Right Angles | Longitudinal Effect | Transverse Effect Remar 
to Force-Lines 
4698.95 | Quadruple I .33 0.37 
4710.37 | Quad- 1.76 Not clearly re- | Components very hazy 
ruple ? solved 
4742.98 | Triple 0.84 Single 
4758-31 | Triple 1.2 Single 
4759-46 | Triple 1.43 Single 
4792.70 | Triple 1.14 Single 
4799-98 | Quad- 1.06 Not clearly re- 
ruple ? solved 
4805.28 | Triple [. 33 Single Enhanced line 
4805.61 | Triple 1.30 Single 
4820.59 | Triple E.23 Single 
4841.07 | Triple r.25 Single 
4856.20 | Triple I.35 Single 
4868.45 | Triple 0.95 Single 
4870.32 | Triple 1.18 Single 
4885.26 | Triple 3 Single 
4900.10 | Triple ee Single 
4911.37 | Triple? 1.39 Widened, not 
resolved 
4913.80 | Triple t.a¢ Single 
4920.05 | Triple 1.13 Single 
4921.96 | Triple 1.44 Single 
4928.51 | Triple 0.91 Single 
4981.91 | Triple 1.49 | Single 
4991.25 | Triple 1.38 | Single 
4999-69 | Triple 1.28 Single 
5001.16 | Triple? 1.25 Hazy 
5007.40 | Triple I.o1 Single 
5013-48 | Triple 1.46 Single 
“056.37 | .... pee Components blended 
with foreign line 
5016.34 | Quadruple 1.69 0.81 
5020.21 | Quadruple :.§2 0.86 
5023.05 | Quadruple 1.48 0.95 
5025.03 | Sextuple 0.43 and two 1.63 
hazy outer 
components 
5025-75 | Triple 1.62 Single 
*5036.09 | Triple 1.41 Single 
*5036.64 | Triple 1.26 Single 
5038.58 | Triple I.02 Single 
5040.14 | Triple 1.28 Single 
5064.84 | Triple 1.36 Single 
5066.17 | Quadruple | 0.88 | 1.10 
5071.66 | Triple | 1.41 Single 
5113.62 | Triple E.a7 | Single 
5120.59 | Triple 1.33 | Single 
5129.34 | Triple 1.24 | Single | Enhanced line 
5145.64 | Triple 1.43 Single 
5147-65 | Triple 2.07 Single 
5152.36 | Triple 1.2 Single 
5154.24 | Triple 1.92 | Single | Enhanced line 
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Spark | 





n Observed at AA/d? Spark, 44/42 Spark, oe 
Right Angles | Longitudinal Effect | Transverse Effect a 
to Force-Lines 
j 5173-92 | Triple 0.88 Single 
5186.07 | Triple ‘83 Single Enhanced line 
5188.86 | Triple I.51 Single Enhanced line 
5193-14 | Triple 1.38 Single 
5206.22 | Triple 1.45 Single 
5210.56 | Triple 1.59 | Single 
| 5212.50 | Triple I.! Single 
5219.88 | Triple 2.2% Single 
5222.85 | Unsepa- 
| rated 
5223.79 | Triple 1.56 | Single 
5224.47 | Triple 1.80 Single 
5224.71 | Triple r.§2 Single 
' 5225.20 | Triple 1.01 Single 
5266.14 | Triple 1.50 Single 
' 5283.61 | Triple 1.31 Single 
5297-41 | Triple r.25 Single 
j 5298.67 | Triple 5.39 Single 
5336.97 | Triple '.33 Single Enhanced line 
5351.26 | Triple I.10 Single 
5381.22 | Triple 1.12 Single | Enhanced line 
5397-82 | Triple 1.16 Single 
5409.82 | Triple 1.28 Single | 
5418.98 | Quadruple 1.34 0.99 | Enhanced line 
5426.47 | Quadruple 1.81 1.38 | 
5429.35 | Triple 1.87 Single 
545.86 | Triple I.40 | Single 
5460.72 | Quadruple 1.90 | 1.44 
5471.41 | Triple 1.43 Single 
5472.92 | Triple 1.42 Single 
5474-44 | Triple 1.32 Single 
; 5477-90 | Triple 1.48 Single 
*5482.08 | Quadruple | 1.43 1.43 Given as 5281.65 in for- 
| mer paper. Measure- 
5490.37 | Triple 1.22 Single | ment difficult. 
5504.12 | Triple 1.27 Single 
5512.01 | Triple 1.55 Sing!e 
5512.74 | Triple 1.46 Single | 
5514.56 | Triple I.00 Single 
5514-75 | Triple cs Single 
5644.36 | Triple 1.38 Single 
5648.80 | Triple 1.40 Single 
5662.37 Triple 1.41 Single 
*5663.16 | Triple Eas Single 
5675-65 | Triple 1.41 Single 
5689.69 | Triple .. 28 Single 
5702.88 | Triple 0.90 Single 
' 5708.46 | Triple 1.72 Single 
5712.09 | Quadruple | 1.68 | 0.96 
5714.12 | Unsepa- | 
| rated ; 
5715.31 | Triple 1.43 | Single 
5716.67 | Quadruple | 1.28 | 0.78 

























Io 
Spark 
r Observed at | 
Right Angles | 
to Force-Lines | 
5720.67 | Quintuple 
*5740.20 | Triple 
*5740.82 | Triple 
5766.55 | Triple 
5774-25 | Triple 
5781.13 | Triple 
5786.19 Triple 
5804.48 | Triple 
5866.68 | Triple 
5899.52 | Triple 
5903.56 | Triple 
5918.77 Triple 
5922.33 | Triple 
5938.04 | Quadruple 
5941.98 | Quadruple 
5953-39 | Triple 
5966.06 | Triple 
5978.77 Triple 
*5999.92 | Triple 
6064.85 | Triple 
6085.75 | Quadruple 
6091.40 | Triple 
6126.44 | Triple 
6215.46 | Triple 
6258.32 | Triple 
6258.93 Triple 
6261.32 | Triple 
6303.98 | Quadruple 
6312.46 | Quadruple 
6336.33 | Triple 
6366.56 | Triple 
6546.48 | Triple 
6554.47 | Triple 
6556.31 | Triple 
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Single 
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Single 
Single 
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Single 
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Widened, not 
resolved 

Longitudinal components 
very hazy 


I.29 


Single 
Single 
Single 
Single 
Single 
0.61 

Single 
Single 
Single 
Single 
Single 
Single 
1.23 

0.92 

Single 
Single 
Single 
Single 
Single 


Blend makes measure- 


ments difficult 


Se 


relative intensities of the several constituents for lines of these types 
are often very different, as is the case in other spectra. 
From the point of view of regularity of structure, the most inter- 
esting lines are perhaps the two of seven components each, A 4527.49 ' 
and A 4544.86. These lines are duplicates as regards separations. 
Arranged in the conventional way, the minus sign denoting the violet 
component, and s and # the longitudinal and transverse components 


respectively, we have 
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3.93 8 —1.19 § 
—o.60 p —o.60 p 

—o.58 § —....§ 

4527.49 0.00 p 4544.86 0.00 p 
1} +0.57 § Pesce 3 

( +0.60 p +o.61 p 

"e422 5 +I. 30 $ 


The intervals of the side components from the central line are in the 
ratio 1:1:2. Such a close similarity would seem to be based on a 
series relation, but no other members of the series have been found. 
The line A 4281.53, of eight components, has its separations also 
approximately in the ratio 1:1:2, but the values of AA/A? are quite 
different from those of the above lines, and there is a-central line for 
the longitudinal effect. 

The difference in wave number for AA 4527.49 and 4544.86 is 
84.4. That for the two sextets AA 4302.08 and 4321.12 is 88.9. 


The separations for these lines are as follows: 


—1.23 5S ; —1.56 s 
—o.46 p —o.58 § 
—0.34 5 —0.53 Pp 
4302.08 0.00 4321.12 0.00 
+0.33 5 +0.53 p 
( +0.47 p (+05 KY 
+1.24 S$ +1.55 S 


giving the ratio 2:3:8 for the first and 1:1:3 for the second. 
Three lines of five components each which show as triplets when 
viewed along the lines of force are also of interest: 


—o.89 p —1.08 s —1.03 § 
—@.7I § —9.53 Be p 
4291.1II § 0.00 § 4464.62 ©.00 § 5720.67 ©.00 § 
+o0.64 s eee p ( +9.07 p 
+o.88 p +1.02 § +1.04 S 


The ratios for these lines are approximately 2:3 (see note in table), 
1:2, and 1:1 respectively, the arrangement of components for the 
first being different from that of the other two. 


The lines having four components show little regularity in their 
separations. The thirty lines which are most clearly of this type 
show five with the ratio of 5:4 for the longitudinal and transverse 
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pairs, five with the ratio of 2:1, four with the ratio of 3:2, four with 
the separations approximately equal. A number of other ratios are 
represented each by one or two cases. Only one quadruplet, 
5066.17 shows a larger separation for the transverse pair than for 
the longitudinal. 

The quintuplets A 4291.11 and of A 4464.62 give triplets in the 
longitudinal effect. A test was made of the polarization of these lines 
by taking the light through the axis of the magnet and passing it 
through a Fresnel rhomb and Nicol prism. Photographs were made 
for two positions of the Nicol go° apart. .The red and violet com- 
ponents of the longitudinal triplets were then successively extin- 
guished by the same positions of the Nicol which quenched the 


corresponding components of the other lines (appearing as doublets or. 
4 P] g 


quadruplets for this position); while the middle line of the triplet was 
unaffected by the change. 

Those titanium lines which occur in Lockyer’s list of “enhanced 
lines” are noted in the “Remarks” column. These lines do not 
appear to be in a class by themselves as regards the types of separation 
which they undergo in the magnetic field. Of the 44 enhanced lines 
in the above table, 35 are triple, 6 are quadruple, 1 quintuple, and 2 
sextuple. Many of the “enhanced lines” 
tions, especially those for which the difference between the intensity 


’ 


show but narrow separa- 


in arc and spark is most decided. However, the average separation 
of the 35 triplets is the same as that of the 195 triplets which are not 


; Ah ; 
‘enhanced lines,” the mean value of —— for each group being 1.46. 
j 


Description of plates.—Plate I shows a remarkable group in the 
blue, near A 4300, which includes lines showing several types of 
separation. The plate was made by placing two photographs, made 
with the spark observed at right angles and with the Nicol prism in 
two positions go° apart, side by side, each photograph showing a 
comparison spectrum of the spark without the magnetic field 
Beginning with the more complex, A 4281.53 has eight components. 
A triplet shows faintly in the reproduction for the transverse 
effect; while a stronger photograph gives five components for the 
longitudinal effect. We then have A 4302.08 of six components. 
This line shows a doublet in the transverse effect. The opposite 
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arrangement has not been observed in this spectrum. The quin- 
tuplet A 4291.11 is of the type showing a triplet in the longitudinal 
effect. Its red component forms a blend with the single line A 4291. 28. 

Quadruple lines of varying degrees of separation are seen in this 
group. The transverse effect gives the narrower pair, a condition 
which is general throughout the spectrum, though some lines in the 
yellow and red show nearly the same separation for both pairs. 

There are a number of the normal triplets, including the very 
wide A 4285.16. A good example of unseparated line is A 4295.91, 
which shows equally narrow for both positions of the Nicol. The 
single line A 4291.28 which forms a blend has been noted. 

Plate II shows, beginning at the left, the wide triplets A 4518.20 
and A 4522.97, the arrangements of the photographs with comparison 
spectra being the same as for Plate I. Next comes the interesting 
line A 4527.49, of seven components, which has as a magnetic dupli- 
cate 4 4544.86. The next group is a noteworthy collection in the 
yellow, the five lines to the right showing different kinds of separation. 
We have first (second line from the left) the narrow quadruplet 
A 5712.09, the separation of the transverse component being barely 
measurable, the line A 5714.12, apparently unaffected by the magnetic 
field, the strong triplet A 5715.31, the fairly wide quadruplet A 5716.67, 
and the quintuplet A 5720.67, this latter showing as a triplet when 
observed along the lines of force, of the same type as A 4291.11 in 
Plate I. A5941.98, the last line at the right of Plate II, is a type 
of quadruplet which has its longitudinal doublet of wide and hazy 
components which nearly fill up the central space. This type has 
interesting analogies in sun-spot spectra, as have several lines in the 
previous group (near A 5700) which were discussed in the previous 
paper. 

I am indebted to Miss Wickham for a large amount of careful 
work in the measurement of the photographs and the reduction of the 


values obtained. 


Mount WILSON SOLAR OBSERVATORY 
May 1909 

















THE NEW LINES IN THE SPECTRUM OF CALCIUM 
By JAMES BARNES 

When an arc is produced between metallic poles inclosed in an 
exhausted vessel, the spectrum is not only purer than that obtained 
from the arc in air but the lines are sharper. The probable errors 
in the measurements of the wave-lengths are thus smaller, which is 
of importance when series relationships are sought. The following 
is a continuation of my paper’ on the spectrum of calcium and 
contains the measurements of the wave-lengths of the lines in a 
series of triplets, the first two of which were measured by Kayser and 
Runge,’ and the last three by Saunders,’ together with some remarks 
as to where they occur in the arc. Four lines of the series discovered 
by Saunders‘ in the extreme ultra-violet were obtained with the 
grating. Groups of lines were observed to appear in the arc im 
vacuo which are wanting in the arc in air at atmospheric pressure. 
They have two strong heads at A 6382.21 and A 6389.37. These 
groups are present in the spectrum of sun-spots as observed by 
Fowler,’ and they have also been obtained by Olmsted® with the 
calcium arc in hydrogen. 

The apparatus was the same as that employed in the earlier work, 
except that the vessel containing the arc was somewhat improved. 
A section is shown in Fig. 1. The vessel was made of a brass cylinder 
19 cm long with an internal diameter of 12 cm. It has a removable 
top and a long side tube closed by a quartz plate. To the bottom 
is fixed a small electro-magnet A. At the end of its iron core is a 
holder for an electrode. When an instantaneous current is sent 
through the coil, the core rises, making the arc and then drops back 
into place. To the top is fixed a holder, B, for the other electrode, 
the length of which is variable, so as to make the arc-gap of any 

t Astrophysical Journal, 2'7, 152, 1908. 

2 Handbuch der S pectroscopie, Il, 539. 

3 Astrophysical Journal, 21, 195, 1905. 

4 Physical Review, 28, 152, 1909. 

5 Monthly Notices, 65, 217, 1905. 

© Astrophysical Journal, 2'7, 68, 1908. 
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size. It was usually about o.5 cm. The tube C connects with the 
Geryk exhaust pump. The strength of the current used was about 
8 amperes and the pressure of the air in the vessel about 0.5 cm of 
mercury. 

The measurements of 
the lines were made in 
the usual way on a 
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croscope graduated to — 
o.cor mm. At least 








four settings were always : 
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made on a line and often 
more than two plates 








were used. 
For detecting and ob- A 
serving the lines plates 
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were first taken with q 





calcium metal for both _ 
poles. Afterward iron Fic. 1 
was used as the nega- . 
tive pole to obtain plates for measurement. The two spectra 
were thus superimposed on the same plate. Unless otherwise stated, 
calcium and iron lines were used for standards and their lengths taken 
from Kayser’s" table. 
Table I gives the results upon the first series mentioned above. 
These wave-lengths can be represented by an equation of the 
Rydberg type. For the first line of each triplet it is as follows: 


I : 109675 

= 235911 ~~ 
r (m+o.927)? 
for A 4586.10, m=3. 


The agreement between calculated and observed values is as 
good as usually obtained with this type of equation. Probably Ritz’s 
form of equation which contains another constant would fit better. 

For m= 2 the value of A derived from the above equation is approxi- 
mately 6208. I am convinced that there are no lines belonging to 


t Handbuch der S pectroscopie, 1, 720. 
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this series in that neighborhood. This is in agreement with Ritz’s 
conclusion that the series is a subordinate one as the minimum value 
of m is 3. 


TABLE I 


Standard* Wave-Length I Frequency 
Wave-Length | Observed (A) | Frequency A. Difference 
4580.10 21805.0 
4578.81 4581.65 21820.2 a2 
4578.81 21839.7 13.5 
4071 .go 4098 .66 24398. 2 
4003.75 4095.05 24419.7 21.5 
4092.70 24433-4 13-7 
3886.42 3875.85 25800.8 
3800.05 3872.60 25822.4 21.6 
3870.57 25836.0 13.6 
3758-38 3753-50 20041. 4 
3749 .63 3750.40 26663 .8 22.4 
3748.39 260078 .1 14.3 
3706. 18* 3078.40 27185 .3 
3044. 50T 3675.53 27207 .O 31.7 
3673.49 27222.1 5.1 


* Abhandlungen der K. Preuss. Akad. der Wissenschajten, 1891 

t Kayser, Handbuch der Spectroscopie, 2, 536 

It may be interesting to note that plates were obtained, when 
the arc-gap was long, showing wave-length A 4227 reversed only 
at the positive pole, while the H and K and the lines of this series 
were much stronger near the negative pole than the positive. 


A 6500 5867 





Fic. 2 


Fig. 2 shows the difference between the spectrum of the arc in 
air (A) and in vacuo (B) from A 6500 to 45867. The ultra-violet 
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lines (2d order) AA 3181.40, 3179.45, and 3158.99 are very sharp 
inthe arc in vacuo. The new line A 6455.90 observed by Meisen- 
bach" is on all my plates and the measurements of its wave-length 
agree with his value. 

Perhaps the most remarkable difference between the two spectra 


TABLE II 


A A A 

In Vacuo In Hydrogen In Sun-Spot 
6309.52 0.39 0.45 
6370.11 -10 .16 
0371.22 .16 -14 
6372.43 -37 29 
0373-15 23 -23 
6374.51 .42 42 
6375-34 .50 50 
6370.44 -47 40 
6377-15 17 08 
6378.21 15 .18 
6379-04 .00 .0O 
6379-94 -Y3 -93 
6380.66 62 .62 
6382.21 2 21 
6384.08 02 2 
6385.04 

6380.05 04 .O4 
6386 .87 .95 .Ql 
6387 .85 . 86 .o4 
6389 . 37 33 -34 
6389.70 -79 
0391.94 93 -94 
6393-17 18 .18 
6394.29 

6395.23 ~32 31 
6390.27 . 26 25 
6398.40 44 -45 
6400 . 37 

6403.59 .50 .58 
6403 .64 

6405.11 

6408 .31 

6409 .gI 

6411.76 


6413.68 
6415.50 
6422.20 
6424.89 
6429.08 
6432.87 


is the appearance of the groups in the arc in vacuo. The two strong 
heads are marked a on the plate. Table II contains the values of 


t Zeitschrift fiir wissenschaftliche Photographie, 6, 258, 1908. 
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the wave-lengths of the lines in these groups, together with Olmsted’s 
results upon the lines in the arc in hydrogen and in sun-spots. ‘Their 
relative intensities can be seen on the plate. The wave-lengths used 
for standards of measurements were A 3158.99 (2d order) and A 
6439 - 36. 

With very few exceptions the above results are in agreement within 
the experimentalerror. That they are due toa calcium and hydrogen 





compound is very doubtful. 
Between these groups and A 6169.8 there are other bands, one 
of which has its maximum intensity at A 6265.5, the lines on each 


side separating into triplets. Whether or not they occur in sun-spots 
I have not been able to ascertain. Their wave-lengths are as follows: 


6307 . 27 





0173-55 0240.57 7 7 
6183.90 6243.11 6308 .67 
6189. 21 6245.85 6310.34 
O1QI.73 6249.31 6312.09 
0194.53 0254-53 6313.02 
0197 .42 620c 5 6314.55 
6199.94 6205.49 6310.75 
6203.00 6270 SI 6319.19 
6205.62 6275.35 6323.68 
6208.79 6276.21 6226.20 
6210.59 6280. 27 6325.01 
0211.73 6281.06 6330.39 
6214.58 6281.62 6331.94 
6210.35 6255.17 6334.50 
6220.30 6286.19 6338.45 
6221.55 6287 52 6342.05 
6220.05 6201.23 6340.46 
6227 .35 6292.11 6349 .94 
6228.75 6294.68 6353.00 
6231.33 6290.17 6354.68 
6232.85 6297 .35 6356. 27 
6230.07 6301.02 6365.39 
6237 .33 6302.28 6367 .67 
6238.36 0305.77 


The strong ultra-violet series observed by Saunders were measured 
and the following values obtained for the first four lines: 


Standard Wave-Length 


2399-33 (Fe) 


298 61 
75-58 
00.79 
51.01 


wm NHN & 
= Nw 
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Using metallic calcium for the poles a number of weak lines 
scattered throughout the spectrum have been observed. Their 
wave-lengths are not recorded in any tables; I shall endeavor to have 
them measured as soon as possible. 


3RYN MAWR COLLEGE 


April 1909 














ON THE RADIATION EXPONENT OF DRY AIR 
By W. J. HUMPHREYS 

In examining the radiation and absorption of gases much unavoid- 
able trouble is experienced due to the walls of the containing vessel. 
The radiation and absorption due to the vessel alone may be such 
as wholly to mask the feeble gas effects, and therefore it seems desir- 
able to take advantage of any natural phenomenon that can aid in 
this study. For the determination of the temperature exponent 
involved in the total radiation of dry air at low temperatures, we have 
just such a natural phenomenon; that is, the black-body temperature 
of the earth as a radiating planet, and the temperature of the dry air 
in the isothermal region. 

By the records obtained with sounding balloons we know that 
everywhere the temperature of the atmosphere decreases more or less 
regularly with increase of elevation until, in middle latitudes, about 
—55° C. is reached at an altitude not far from eleven kilometers; and 
that above this height, where the atmosphere is excessively dry, the 
temperature changes but little with change of elevation. In this 
upper, or isothermal region there can be no appreciable convection, 
and since the thermal conduction of gases is very small, the tempera- 
ture must depend almost entirely upon radiation and absorption. 

The source of this radiation is essentially the water-vapor of the 
lower atmosphere, whose coefficient of absorption for the long-wave 
earth radiations is so great that it can transmit but little energy from 
the ground directly. Viewed in its entirety, or from the outside, it 
must therefore appear for these wave-lengths as a nearly perfect 
absorber, and consequently as a correspondingly full radiator. Its 
effective temperature, that is, the temperature of an equally radiating 
black surface, or that, nearly, of a dense layer of water-vapor, we shall 
assume to be 259° C. absolute, since probably' it is not greater than 
263° C. nor less than 256° C. 

Let two parallel black planes be kept each at 259° C. absolute, 
or T,, and therefore each equivalent in radiation to an equal area of 
the earth as viewed from without, and let their distance apart be small 


t Annals of the Astrophysical Observatory of the Smithsonian Institution, 2, 174. 
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in comparison to their linear dimensions. Then a gas, or anything 
else, placed between them will come to a state of thermal equilibrium 
with them at the same absolute temperature 7,. 

Consider the radiation and absorption of a differential volume of 
this gas, say one centimeter square and dx thick, parallel to the exten- 
sive planes. Let the total amount of heat energy incident upon it per 
second from the two planes jointly be H,; the total heat it absorbs 
per second A,; and the total amount it radiates in the same time, and 
because of its temperature only, E,. Then, so long as the tempera- 
ture is constant, as assumed, E,=4A,,. 

Now let one of the extensive radiating surfaces be removed, and 
let the other b» kept as before at the constant temperature T,. This 
remaining surface, together with the small volume of gas, will con- 
stitute a system analogous to the effective radiating surface of the 
water-vapor of the atmosphere and the dry air at considerable eleva- 
tions. The small volume of gas, formerly of the temperature T,, 
now that it is subject to just half the radiation that originally reached 
it, and of identically the same wave-lengths, will fall to some lower 
temperature, 7,, which will be approximately that of the isothermal 
region of the atmosphere. 

For any definite wave-length A and temperature T we have the 


equation 
E 
(E4), 
R A, T 


in which the symbols, with the restriction that they all refer to the 

same wave-length A, and the same temperature 7, have the following 

meaning: ‘ 

E=the radiation per unit area of any given substance; 

R=the radiation per unit area of a full radiator; 

A=the coefficient of absorption of the given substance, that is, the 
fraction absorbed of the total incident energy, per any definite 
area. 


So long as the physical state and the chemical composition of any 
body remain the same, its radiation of every wave-length increases with 
rise of temperature. The value of E then becomes greater as the 
object furnishing it gets hotter. So also R increases, and according 
to a definite law, with increase of temperature. Therefore, since E 
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can never exceed R, and since their variations are always in the same 
direction, it seems reasonable to assume that when 7 is not greatly 
changed A remains nearly constant. However, it appears that in 
general the radiation from any exceedingly hot surface approaches 
fulness and that therefore A is a slowly increasing function of the 
temperature. 

The drop in temperature from 259° C. of the effective radiating 
surface to that of the isothermal region is, as we know by observation, 
only about 40° C. and therefore both the physical state and the chemi- 
cal composition of the gases of the air remain the same through this 
change, so that, so far as we know, such spectral regions of absorption 
as exist at the one temperature, and only these, exist at the other; 
and further, that the coefficient of absorption is but little altered. 
We know, for instance, that the atmospheric lines due to oxygen retain 
the same position and apparently the same intensity from season to 
season, in spite of temperature changes, and that this is also true of 
the bands due to carbon dioxide, and to the other gases. Further, 
we are not aware of any particular difference in the general atmos- 
pheric absorption of solar energy from winter to summer, however 
the temperatures may vary, except in so far as there is a difference in 
the water-vapor and dust content of the air. 

Finally, we are not aware of any special absorption bands in the 
region of earth radiation belonging to either nitrogen or oxygen 
(except in the form of ozone) or argon, the only gases that exist to an 
appreciable extent in the isothermal region, and therefore it appears 
likely that their absorption of this long-wave radiation is general 
rather than in isolated lines or even bands. 

Those of the above considerations most important in the evalua- 
tion of the radiation exponent of the air are: 

a) That the place or places of absorption remain unchanged in 
position. 

b) That the coefficient of absorption is but little altered by small 
changes in temperature. 

c) That the incident radiation H, is reduced to one-half, to H, 
say, through the reduction of the radiation of each wave-length to 


one-half its original value. 
Now on taking all these points into account it seems probable that 
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the total radiation absorbed under the new conditions must also be 
reduced approximately to one-half its original value. But whatever 
amount actually is absorbed, whether one-half the original or some 
other quantity, when equilibrium is established that same amount must 
be re-radiated. 

In general it appears, as stated above, that substances slowly 
approach full radiation, and therefore presumably equally full absorp- 
tion, as their temperatures are raised. Hence it would seem, since 
H,=2H,, that A,=2A,+¢€=2E,+¢. 

The heat radiation therefore of the small volume of gas at tempera- 
ture T, is to its radiation at 7’, as 2E,+€ is to E,; and if wee press 
this as proportional to some power of the absolute temperature, we 
get the equation 

2E,+e T," 248 


E, i % 
dil = il 
in which 6=-~. 
E, 
If, as seems probable, € is small in comparison to E,, then 6 is 
small in comparison to unity, and hence 


n 


- | 
= =—, nearly. 
a I ’ 

But, as stated above, the general average value of 7, has been 
determined to be about 259° C., and the corresponding general aver- 
age value of 7,, the temperature of the upper atmosphere is, as we 
know from the records of sounding balloons, approximately 218° C. 

nn /=- 
‘ 259 V2 
Hence with these values we get rr mee nearly, and therefore the 


exponent of the total radiation, m, is approximately 4, or essentially 
the same, 4, as the exponent for black-body total radiation. 

So far as known wm is never less than 4 for any substance, but 
commonly except for the full radiator, or black body, greater than 4. 


If, however, we assume the value 259° C. to be correct and m >4, then 
the temperature of the isothermal layer could not fall to —55°C. 
But, as above explained, we know by observation that this approxi- 
mately is its average value, and that occasionally it is even ten or 
more degrees lower. Therefore m is not greater than 4 unless the 
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assumed temperature 259° is decidedly in error, which seems improb- 
able. 

While A, in this case, appears to be nearly constant through the 
required temperature range, and m approximately equal to 4, it must be 
borne in mind that more exact knowledge may show conditions dis- 
tinctly different. The results given are simply the best obtainable 
from our present knowledge. 

In my article on vertical temperature-gradients of the atmosphere’ 
the radiation equation with subscript unity, 

co 

A, 
A, 
is, as Messrs Abbot and Fowle of the Smithsonian Institution have 
kindly pointed out, not generally true, since the temperature of the 
absorber with which £, and A, are concerned is different (in this 
case about 40° C.) from that of the radiating plane which gives H.. 

However, when the radiation exponent of the heated object is the 
same as that of a black body, that is 4, and its coefficient of absorption 
constant, then the above equation is applicable. This explains why 
the use, in my former paper, of an equation which is strictly true only 
when the radiation exponent is exactly that of a black body, gave 
calculated results of the same order as those observed. That is, 
the conditions necessary for the equation to be true obtain, at least 
closely, it seems, in this case. 

This must not be understood to mean that the radiation of dry 
air is equal to that of a black body at the same temperature. We 
know that the relation between the total radiation R of a black body 
and its absolute temperature T can be expressed by the equation R= 
KT*‘, in which K is a constant. 

Also, if the above conclusions are correct, the relation, at moderate 
to low temperatures, between the total radiation E of the dry air and 
its absolute temperature can be expressed by the similar equation 
E=CT*. 

In the two cases the temperature exponents appear to be nearly 
the same, but probably the coefficients C and K differ widely, so that 


t Astrophysical Journal, 29, 26, 1909. 
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at any given temperature total air radiation may be only a small 
fraction of total black-body radiation. 

The general argument of the paper referred to above is not 
affected in the least, although the calculated temperature of the iso- 
thermal region, or that of the effective radiating surface, or both, may 
be in error b’ a few, but apparently not many, degrees. 


Mount WEATHER OBSERVATORY 
V1A BLUEMONT, VA. . 
April 1909 























THE SPECTROSCOPIC BINARY 8 ORIONIS 
By J. S. PLASKETT 

The radial velocity of 8 Orionis was first determined at Potsdam 
in the years 1888-1891' by Vogel and Scheiner, who obtained 14 
plates during this period with velocities varying between about + 3 
and +34 km per second. They suspected a variation in the star’s 
velocity but were unable to obtain evidence of its periodicity, and the 
accuracy of these early measures was scarcely sufficiently high to 
decide the question. The next published measures of the star’s 
velocity by Frost and Adams,’ from plates obtained in 1901-1902, 
gave values ranging between +14.9 and +23.4km. They attribute 
this range entirely to the character of the lines in the spectrum and 
conclude that their results do not indicate any variation of velocity. 
The measures of five plates of 8 Orionis, obtained at the Lick Observ- 
atory,? also indicate a range of ro km, from +15 to +25 km, in 
the star’s velocity, but Campbell and Curtis in discussing these meas- 
ures attribute this range to the small number of lines available, to 
their poor quality, and to overexposure of some of the negatives, and 
also conclude that their results do not give any evidence of variable 
velocity. A recent personal communication from Dr. Campbell 
informs me, however, that they have suspected its velocity to be vari- 
able but owing to press of their regular programme have not followed 
up the matter. 

Outside of one or two test plates made at the beginning of our 
spectrographic work, 8 Orionis was not observed here until it was 
chosen as the star to be used in a recently published investigation,‘ 
“The Effect of Increasing the Slit-Width upon the Accuracy of Radial 
Velocity Determinations.” When it was found that the mean velo- 
city of 12 plates, agreeing well among themselves, obtained on one 
night, March 20, 1908, differed by over 5 km per sec. from that of to 
plates obtained four nights later, March 24, 1908, it seemed probable 

t Potsdam Publications, Rand VII, p. 146. 

a Publications of the Yerkes Observatory, 2, 61. 

3 Lick Observatory Bulletin, No. 70. 


4 Astrophysical Journal, 28, 259, 1908. 
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that the change might be real, and it was felt desirable to test the 
matter further. In order to avoid as far as possible accidental errors 
due to the character of the lines of the spectrum or other causes from 
affecting the results, it was decided to make a number of plates on each 
night the star was observed, and to use the mean velocity of these plates. 
It seemed certain, after the careful and accurate work at the Yerkes 
and Lick observatories, that the range, if any, must be very small, and 
the only chance of obtaining anything definite would be by the proced- 
ure above outlined, as otherwise accidental errors would probably so 
complicate matters as to render single observations of little use. 

Plates were accordingly obtained, whenever possible, until the 
star became inaccessible in April of last year, and observations were 
continued during the present season until March 23, 1909. In all, 
275 plates, obtained on 55 nights, have been used in this discussion. 
Of these, 150 were made with a dispersion of three prisms and 125 
with one prism. The investigation on slit-width above referred to 
showed that higher accuracy could be expected with the higher dis- 
persion and it was used whenever possible. However, the star was 
also observed with the one-prism spectrograph when our programme 
would not permit the use of three prisms. Three-fourths of the plates 
were obtained, and all were measured, by myself in order to avoid as 
far as possible any chance of systematic discrepancies. 

It had been found in the investigation on slit-width, that lower 
accidental and systematic errors were obtained when the three lines 
Mg A 4481, He 4 4472, and Hy A 4341 only were measured than when 
other lines were included, and consequently only these three lines have 
been used in obtaining the velocities. ‘They have in each case been 
weighted during the measurement according to their apparent quality 
and the weighted mean velocity used. The separate plates on each 
night have also been weighted, partly according to their quality, and 
partly according to the internal agreement of the measures, and finally 
the resultant mean weighted velocity for the night has been similarly 
weighted for use in the grouping and discussion. It may be of inter- 
est to mention here that considerable difference in the quality of the 
negatives for measurement has been noticed, even when taken under 


conditions identical so far as could be judged, but no evidence can 
be found of any dependence of this quality upon the phase. 


a 
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It was not difficult to trace periodic changes in the velocities thus 
determined, and comparatively early in the present season the period 
was found to be very nearly 21.90 days. The Potsdam observations, 
howeyer, did not group themselves satisfactorily with this period and, 
owing to their probably inferior accuracy, were not considered. ‘The 
Yerks observations showed a fairly satisfactory arrangement, although 
there were some discrepant single plates due possibly to accidental 
errors in setting on the rather broad lines of the spectrum, or to another 
cause to be referred to later on. The Lick observations extending 
over seven years followed the velocity-curve determined here satis- 
factorily, although, as there are only five plates, this agreement may 
be accidental. It was found, however, that to bring the Lick observa- 
tions forward to ours required a period of 21.87 instead of 21.90 
days. 

Some difficulty was felt in reconciling these rather contradictory 
features, and although sufficient evidence had been secured of its 
binary character, and sufficient data to obtain the elements of the 
orbit by the end of January, it was thought desirable to continue the 
observations in the hope of finding a clue to some of the anomalies. 
These later observations revealed some peculiar and interesting fea- 
tures in the star’s motion which served, if not to explain the difficulties, 
at least to indicate a reason for their existence. 

The phase of minimum velocity due January 30-31 followed pre- 
diction, but the succeeding maximum, due February 6~7, although 
present, was of much lower amplitude than those previously obtained. 
The curve already drawn showed a range of velocity between about 
+17 and +29 km. The maximum of February 6 reached only about 
+23 km, and the succeeding minima and maxima until the middle 
of April, as long as the star could be observed, were as follows: 
+19.5, +23.0; +18.5, +24.5; +19.0, +24.5. All of these 
measures, as well as the previous ones, depend upon several plates 
and there is no doubt in my mind that they indicate, if not a change 
in the amplitude of the velocity-curve, certainly some progressive 
shift of the lines measured. This change in the amplitude due pos- 
sibly to the presence of a third body is probably periodic. If an epoch 
of low amplitude occurred in 1g01—1902, this, together with the fact 
of their making only one plate per night, with the consequently higher 
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accidental errors, would form a sufficient explanation why Frost and 
Adams, with the undoubtedly high accuracy of their work, were unable 
to find any periodicity in the motion. Furthermore, if there is a 
change in the amplitude, especially if this is due to the presence of a 
third body, there are probably also changes in the other elements of 
the orbit which may account for the slight change in the period 
required to bring the Lick observations up to the same epoch as those 
made at Ottawa. 

If all the Ottawa observations are plotted continuously on cross- 
section paper, the resulting curve is quite similar to the trace given 
by two beating tuning-forks. It shows curves similar to the velocity- 
curve of the figure periodically repeated with gradually increasing 
amplitude, then with a sudden diminution followed by another grad- 
ual increase. The observations have not been sufficiently continuous 
or extended enough to decide whether this variation in amplitude is 
periodic, and, in any case, the very small range, combined with the 
comparatively poor quality of the spectrum for measurement, would 
render such a determination difficult and uncertain unless a very 
large number of plates was obtained. 

I have therefore thought it preferable now, as all these successive 
curves have, so far as can be determined, the same form, to consider 
the variations in amplitude as accidental or, if you like, as due to errors 
of measurement; and to obtain a mean curve and from it the elements 
of the orbit by grouping together into normal places (see table below), 
the mean velocities obtained on the 55 nights the star was observed. 
The period chosen was that mentioned above, 21.90 days, which best 
fitted our own and the Lick observations, and which under the con- 
ditions probably cannot be improved upon. The initial phase 7, was 
taken as Julian Day, 2,417,961.0. The basis of grouping into the 
14 normal places was the phase. The total difference in phase in 
the nights in a group was kept on the average less than half a day 
except in three groups near the maximum where the velocity changes 
but slowly. 

These normal places are plotted in the figure with the velocity- 
curve corresponding to the elements finally decided upon. With use of 
the method of Dr. W. F. King" the preliminary elements given below 


1 Astrophysical Journal, 2'7, 125, 1908. 
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NORMAL PLACES, 8B ORIONTS 


Nc Mean Mean No. of No. of Potal Diff. Weicht Weight Used 
0. ; . ) . ) “ight . 
7 Velocity Phase Nights Plates of Phase in Solution 
> co 4 = $ 
Biesaxs 22.06 0.444 s 35 0.48 17 } 
ae 18.51 2.35¢ 3 15 0.24 rs) i 
: ee 18.Sy 3.206 2 14 Ic 7 i 
sx 18.92 4.451 5 22 59 17 { 
Reasen 18.06 5.240 3 12 30 I , 
6 20.51 7.427 4 25 0.62 15 ; 
"7 a a ~ i 
ee 22.70 5.200 3 14 27 7 ; 
eee 24.63 Q.160 4 16 ».63 II 4 
Bivins 24.90 10.024 1 I 10 7 A 
10 24.91 11.265 6 29 1.66 16 5 
ices <a 26.28 13.253 IO 39 1.31 23 I 
a 24.49 16.567 3 22 1.52 12 i 
| ae 23.34 18.431 3 10 0.67 8 h 
ae 20.60 20.740 I 12 6 i 


were readily determined, with which the observations seemed to agree 
closely. However, owing to the considerable differences in the 
weights of the normal places, which could not very well be allowed 


for in a graphical solution, and to the advantages demonstrated by 
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Velocity-Curve of B Orionis 
previous experience, it was felt desirable to apply a least-squares 
correction to these elements. All the elements except the period, 
which for reasons entered into above was omitted, were included in 
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the solution and the corrected values with their probable errors are 
given beside the preliminary values for comparison. It may be well 
to mention that the weights of the normal places given in the last col- 
umn but one were changed into those of the last column to simplify 
the computations; also that the correction for 7’ came out zero. 


ELEMENTS OF 8 ORIONIS 


Preliminary Corrected 
Eccentricity a ¢ 0.20 2.296+ .oS9 
Half-amplitude. . K 2.95 3.7714 .210 km 
Longitude of apse. . 255° 254° .76+3°48 
Periastron passage i 7.80 7.80=J. D. 2417968 .80 
| SP Rs U 21.90 21.90 days 
Velocity of system... ; +22.444 +22.616+ .158km 
Semi-axis major. . asin? 1, 10C, 500 1,108,go00 km 
Maximum velocity its M + 26.¢ + 26.09 km 
Minimum velocity....... m +18.5 + 18.55 km 


There is little change from the preliminary elements except in 
the eccentricity which is considerably increased. ‘That the solution 
has given better elements was shown at once on comparison of the 
curves and is also evident by the reduction of = pv? from 3.88 to 3.16. 

The probable error of a normal place of unit weight is +o.40 km; 
while the probable error of a night, obtained by scaling from the curve, 
is +1.80 km. The probable error of a plate obtained with disper- 
sion of three prisms is +1.98 km, with dispersion of one prism 
+ 3.22 km, and including all the plates +2.62 km. If, as was done, 
the observations are divided into two sets—those before and those 
after January 29, 1909, when the sudden change in amplitude was 
noticed—-and separate curves and elements are obtained roughly 
for these sets, the probable error of a night is reduced to +1.35 km, 
with a proportional reduction in the probable errors of single plates, 
and this would probably be not much greater than 1 km if the ampli- 
tude remained constant. It may be of interest to mention that approx- 
imately the maximum and minimum velocities for the first set are 
+17 and +29 and for the second set +19 and + 23.5. 

This solution, owing to the peculiar behavior of the star, should not 
be considered as final, but is the best that can be obtained at present 
and closely represents the mean orbit for a year back. It is question- 


able, on account of the small range in velocity and the comparatively 
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poor quality of the spectrum for measurement, whether much more 
definite knowledge of its movements and their cause can be obtained. 
It was therefore thought desirable to publish what had already been 
ascertained and to leave a more complete treatment for the future. 

In conclusion I wish to express my obligations to Dr. King, the 
director of the observatory, for the interest he has shown throughout 
this work and for the many helpful suggestions he has given. 

DOMINION OBSERVATORY, OTTAWA 

May 1909 





THE EVIDENCE FROM PHOTOGRAPHIC COLOR 
FILTERS IN REGARD TO THE ABSORP- 
TION OF LIGHT IN SPACE 
By J. A. PARKHURST 

Several papers on this subject have appeared during the past 
year, so that it may be of interest to communicate the results obtained 
at the Yerkes Observatory which bear on the question. 

Professor Turner' has lately given a summary of his own’ and 
M. Tikhoff’s articles, so that it will be convenient to consider some 
points in the first-mentioned paper. He refers to the “suggestion that 
the well-known difficulty of bringing photographic exposures into ac- 
cord with our knowledge of visual magnitudes of the stars might bea 
cosmical phenomenon.” The difficulty mentioned is “when the time 
of exposure is prolonged in the ratio of five magnitudes, the photo- 
graphic gain is four magnitudes.”’ This amounts to saying that the 
exponent p in Schwarzschild’s form of the Bunsen-Roscoe reciprocity 
law, 

1 =i T?, 


is not unity buto.8. The test to determine whether this deficiency 
in the value of p is of cosmical or photographic origin, suggested by 
Turner, 
consists in taking photographs in visual light, and determining the increase of 
exposure necessary to get a definite number of magnitudes fainter. If the results 
are found to accord better with the theoretical law equating intensity and exposure, 
we have then good evidence that the well-known discordance obtained from 
photographs in violet light is not photographic but cosmical, for it must mean 
that the violet rays suffer greater loss than the yellow rays in their passage through 
space. 
Referring to the work already mentioned Turner says: 
an] ¢ - 
M. Tikhoff, whose work with color-screens on the short-period 

variables is well known, has applied the test with success. M. Tikhoff finds 

' The Observatory, 32, 166, 1909. 

2 Monthly Notices, 69, 69, 1908. 


3 Mitteilungen der Nikolai-Hauptsternwarte zu Pulkowo, Band 3, 31, 1909; 
Comptes rendus, 148, 266, 1yo9. 
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that for the photographic rays p varies from 0.67 to 0.79, while for the green- 
yellow rays it is between 0.91 and 0.96. 

Turner considers this as tending to prove the cosmical origin of 
the difficulty. He says of M. Tikhoff’s results: 

For the yellow-green the value of p approaches unity. If it were exactly 
unity, we should have precise equivalence between visual magnitude and photo- 
graphic exposure, and probably this is the case when the same rays are used 
to photograph as the eye takes note of. 

The writer has been working with photographic light-filters for 
the past four years, and has many plates which give evidence on the 
matter in question. The conclusions reached may be stated briefly 
as follows: 

The exponent / is not a constant, but varies with: (1) the density 
of the image; (2) the kind of plate used; (3) the light-filter used. 
An excellent illustration of (1), the variation with the density of the 
image, is given by the extra-focal plate UV 524, exposed to the Coma 
cluster in the Zeiss camera' for 8, 4, 2, 1, and 4 minutes. The 
reciprocity law gives 


(2) p=— 
log 


fo) 


Expressed in stellar magnitudes this becomes 


_0.4(M—m) 
- 7 ; 


log 


7 


(b) 


The density of the images was measured with the Hartmann photome- 
ter, giving the relative magnitudes on the plate in the manner described 
by Jordan and the writer in our paper, “ An Absolute Scale of Photo- 
graphic Magnitudes of Stars.”? Each pair of images of a star gives 
a value of p, since M, m, T, and ¢ are known. There were 28 such 
pairs available on the plate. Arranging in order of relative (apparent) 
magnitude of the images, and taking the mean of groups of four, the 
values in Table I were obtained. 

t Astrophsical Journal, 26, 249, 1907. 


2 Ibid., p. 244. 
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TABLE I 
Mag p Mag p 
2.00 2.97 3-52 0.77 
2.58 o.8y 3.69 0.72 
3.01 0.39 3.92 0.638 
3 +37 0.70 


These results are in fair agreement with those given by Wallace and 
Lemon! for the same kind of plate, Seed “27,” and are confirmed by 
many more plates taken by the writer. Such a large range in the 
value of p would only be found on extra-focal plates having a wide 
range of densities. On focal plates the star-images would nearly 
all be well blackened, and therefore of nearly equal density. Great 
caution should therefore be used in ascribing to cosmical causes a 
variation with which the plate has so much to do. 

It is evident that a mean value of p from the above plate would 
have no significance; therefore values were found from three Seed 
“27” plates of the Pleiades taken at the focus of the 2-foot reflector 
by Jordan. ‘The plates are: 

R532, 1906, July 26, exposures 8%, 158, 308, 1™, 2™, 5™. 

R606, 1906, September 25, exposures 8%, r58, 308, 1™, 2™, 5™. 

R1652, 1907, September 15, exposures 2%, 45, 85, 168, 1™. 
The diameters of the images had been measured under the microscope 
by Jordan for the first two, and for the last by the writer. Using 
Tikhoff’s method of comparing images of equal diameters, described 
in the place cited, the following values were obtained: 


Plate Weight p 
ee ia aka 15 0.88 
I is dip cos me Po Keds 13 0.86 
Be es chs ccis ecclakie dein is-8 ore 4 °.gI 
Seed “‘27,’’ weighted mean.. . 0.88 


As a sample of the values to be obtained from a plate of a different 
kind, a Cramer Instantaneous Isochromatic, exposed to the Pleiades 
with the reflector, No. R 607, 1906, September 25, exposures 10%, 205, 
40%, 80, 160%, 400, was reduced. From 12 pairs of images the value 
of p was found to be o. 84. 


' See their curve in Astrophysical Journal, 29, 154, 1909. 
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We now come to the results obtained with color-filters. For this 
purpose the Cramer Trichromatic plates were used, with the “ visual 
luminosity” filter described by Jordan and the writer in our paper 
on “The Photographic Determination of Star-Colors and Their 
Relation to Spectral Type.’”' Three Pleiades plates were reduced, 
one taken with the reflector and two with the Zeiss camera. The 
dates and exposure times were as follows: 

R613, 1906, September 26, 1™, 2™, 4™, 8™, 16™, 4o™ 

UV 381, 1908, August 4, 1™, 2™, 4™, 8™, 16™ 

UV499, 1909, March 19, 1™, 2™, 4™, 8" 


These plates gave the following results: 


Plate Weight p 
R 61 10 2 
UV 10 80 
UV one ‘ fe) 79 
Trichromatic, weighted mean °.81 


These plates fulfil the ideal condition mentioned by Turner, that 
the same rays are used that are effective in visual observations, but 
they fail to confirm Tikhoff’s results. The following table will facili- 
tate comparison. 


VALUES OF EXPONENT p 


likhoff Parkhurst 
Ordinary plate >.79 88 
Bathed plate with filter 0.97 ». 81 
Iso plate without filter.... >. 84 


The results are rather surprising: whereas in Tikhoff’s hands, 
as compared with the ordinary (Schleussner) plate, the bathed 
(Schleussner) plate and filter gave a value of fp nearer unity; in the 
hands of the writer the bathed (Cramer) plate gave a value farther 
removed from unity than that obtained with the ordinary (Seed) 
plate, while the isochromatic plate without a filter gave a value between 
the other two, as might be expected.? The cause of this discordance 

t Astrophysical Journal, 2'7, 171, 1908. 


2See also Schwarzschild, Astrophysical Journal, 11, 89, 1900; and Leimbach 
Zeitschrift fiir wissenschaftliche Photographie, 7, 205, 1909. ‘These observers used 
Schleussner plates. 
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is evidently in the plate and filter used. If we attempted to ascribe 
it to a cosmical origin, whatever conclusions were drawn from Tik- 
hoff’s plates, the opposite must be drawn from the present series. 
Moreover, if cosmical causes played any part in the matter they would 
be completely masked by the photographic effects. 

The photographic origin of this observed effect is explained to some 
extent by the character of the images with and without the filter. 
When the use of color-filters in photometry was begun here in 1904, 
one of the first things noticed was the improved definition of the star- 
images. With the visual luminosity filter described above, the penum- 
bra is almost entirely absent, making measures of the diameters quite 
precise. The effect on the relative diameters of bright and faint 
stars is nearly the same as if an equal amount of penumbra were cut 
off from each, leaving the images of the faint stars relatively smaller, 
thus increasing the difference of diameter between bright and faint 
stars. Asaresult, in the reduction formula 
(c) Magnitude=a—bV D 
(in which D is the diameter of the image) the numerical value of the 
coefficient b is smaller for the plates taken with the filter. In our 
paper on “The Photographic Determination of Star-Colors’'* we 
gave the values of b as 0.94 for the Seed plates and 0.77 for the Cra- 


“e 


mer Trichromatic plates with the “visual luminosity” filter. For 
two stars on a plate, whose magnitudes differ by one unit, and whose 
diameters are D and D’ respectively, equation (c) gives 


(d) =V D-VD’, 
b 


so that an increase of diameter-differences must result in a smaller 
value of b. 

This sharpening of the image has been noticed by others working 
with photographic color-filters, and the cause has been lately attributed 
by Perrine? to atmospheric refraction, which has a less effect on the 
visual rays than on the photographic rays. This assignment to atmos- 
pheric dispersion is perhaps the most reasonable explanation yet 


t Astrophysical Journal, 277, 171, 1yo8. 


2 Publications of the Astronomical Society of the Pacific, 20, 292, 1909, and Lick 
Observatory Bulletin, No. 154, 1908. 
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offered, since the sharpening is equally marked on plates taken with 
the reflector, where the visual and photographic rays are in focus 
at once; and with the Zeiss camera, in which the difference in focus 
is about 3 mm for the two sets of rays. 

On the plates taken by Tikhoff, exactly the opposite of the above- 
mentioned relations were found. He says:' 

Un simple examen de ces épreuves suffit pour formuler, sans mesures et sans 
calculs, la propriété suivante: & part quelques exceptions, la diférence d’éclat des 
étoiles brillantes et jaibles des Pléiades augmente d’une fagon inattendue en passant 
des rayons orangés aux ultraviolets. TD ’autre part, j’ai trouvé le méme phénoméne, 
en faisant des mesures et des calculs minutieux des épreuves des Pléiades et de 
Chevelure de Bérénice, obtenues & Poulkovo au printemps 1908 au moyen de 
l’astrographe de Bredikhine, tantét sur des plaques ordinaires sans filtre, tantdt 
dans les rayons jaune vert (a travers un filtre). 

Referring to equation (a) on p. 34, which he numbers (2), Tikhoff 
says: 

Supposons maintenant que la différence d’éclat des deux étoiles est plus 
grande dans les rayons photographiques que dans les rayons jaune vert; alors 
le dénominateur de l’expression (2) sera plus grand dans le premier cas que dans 
le deuxiéme, tandis que, pour le numérateur, nous adoptons la méme valeur. 
En d’autres termes, en nous servant toujours des grandeurs photométriques, 
nous devons obtenir, dans notre supposition, p plus petit pour les épreuves dans 
les rayons photographiques que les rayons optiques. 

C’est ce que j’ai obtenu en réalité: dans les rayons photographiques p varie 
entre les valeurs 0.67 et 0.79, et, d’autre part, pour les rayons jaune vert entre 
0.91 et 0.96. 

Ainsi on arrive d’une autre fagon a4 ce résultat que la différence d’éclat des 
étoiles augmente en général avec la diminution de la longueur d’onde. 

Or, dans sa Note récente, On the Diminution of Light in Its Passage through 
Interstellar Space, M. Turner émet la supposition de la diffusion (scattering) de 
la lumiére par des particules disséminées dans l’espace, et il prévoit que la valeur 
de p doit augmenter pour les épreuves dans les rayons optiques. Ainsi la pré- 
vision de M. Turner c’est complétement vérifiée par nos recherches. 

It will thus be seen that the contradiction between our results and 
those of Tikhoff can be traced back to the relative size of the images 
of the bright and faint stars, on plates from different makers taken 
with and without the filter. This would seem to amount to a demon- 
stration that the cause lies somewhere in the instruments and plates 
used, with a probability that it is mainly in the plate and filter, since 


+ Comptes rendus, 148, 267, 1909. 
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the same effects have been observed here with the reflecting telescope 
and with the doublet camera. If this be true, it follows that this 
experiment with the photographic color-filter furnishes no evidence 
either for or against an absorption or scattering of light in space. 

A point of minor importance in this connection mentioned by 
Tikhoff in his article in the Mitteilungen calls for a brief remark. 
He says on p. 31: : 

Pour trouver les constantes des formules qui servent & la détermination des 

grandeurs photographiques par n’importe quelle méthode (diamétres, images 
extrafocales, estimations, etc.) on se sert généralement d’un certain nombre 
d’étoiles-échelons dont l’éclat a été déterminé oculairement au moyen d’un photo- 
métre. En d’autres termes, il n’existe pas encore de photométrie purement 
photographique. 
He seems to have overlooked the photometric work done on the 
“absolute scale” by Wirtz' at Bonn, by Wilkens? at the von Kuffner 
Observatory, by King? at Harvard, and by Jordan and the writer¢ at 
Yerkes. As a matter of fact, the magnitudes used by the writer in 
the present paper were determined on the absolute scale. In the 
case of the Pleiades magnitudes, the “absolute scale” agrees very 
closely with that obtained by Schwarzschild’ from extra-focal images 
based on the Potsdam visual magnitudes. Between magnitudes 
4.5 and 7.5 the two scales agreed within 1 per cent. This gives an 
idea of the accuracy which can be attained in photographic photom- 
etry; and taken in connection with the fact that the present results 
depend on micrometric measures of the image-diameters and measures 
of density with the Hartmann photometer, their failure to confirm 
Turner’s suggestion cannot be attributed in any considerable degree 
to accidental errors. 

YERKES OBSERVATORY 

May 1909 

t Astronomische Nachrichten, 154, 317, 1901. 

2 Ibid., 172, 305, 1906. 

3 Annals Harvard College Observatory, 59, 95. 


4 Astrophysical Journal, 26, 244, 1907. 


5 Publicationen der von Kuffnerschen Sternwarte, 5, C 62. 




















THE APPARENT DISPERSION OF LIGHT IN SPACE 
By PAUL R. HEYL 

It might seem that the question of space-dispersion had received 
as full a discussion in the past year or more as even its great impor- 
tance warrants; yet there are a number of things that should still 
be said in this connection. 

A complete summary of the positive side of the argument is given 
by Nordmann in the Bulletin astronomique for January 1go09 (26, 
5-37), and of the negative side by Lebedew in the Astrophysical 
Journal for March 1909 (29, to1—109). The burden of the negative 
side of the discussion has been ably sustained throughout by Lebedew 
alone, and apparently as a result Nordmann has receded con- 
siderably from the position at first taken. There can be now no 
doubt that the observations of Nordmann and Tikhoff are not to 
be explained by ether-dispersion, but are rather to be ascribed to 
some peculiarity in the stars used as sources of light, probably exces- 
sive tides in a selectively absorbing atmosphere. 

As a further contribution to the discussion it remains to be said 
that, according to Nordmann’s published experimental measure- 
ments, he has stopped far short of exhausting the possibilities of a 
really good method; that in the discussion of his results and those of 
Tikhoff an unwarranted use of stellar parallax has been made; and, 
as concerns the other side of the discussion, that Lebedew is rather 
too sweeping in his condemnation of Nordmann’s methods, and that 
there is not the antagonism which he supposes between the electro- 
magnetic theory and the possibility of ether-dispersion. These four 
points I will now discuss more fully. 

The two methods used by Nordmann and Tikhoff are by no 
means equally good. The method of radial velocities may be, I 
think, dismissed as inadequate. By this method Tikhoff claimed to 
have found a difference of phase of the periodic Doppler shift in 
widely separated spectrum lines of certain binary stars. The effect 
in question is so small that the absence of confirmation by other 
observers makes the result announced by Tikhoff very doubtful. In 
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addition, Lebedew (op. cit., p. 103) gives a valuable discussion of 
Tikhoff’s results from another point of view and arrives at the same 
conclusion of doubt. 

The method of monochromatic photometry, on the other hand, 
is a really good one, and Nordmann’s apparatus, as figured in the 
Bulletin astronomique, should be adequate to the task of getting the 
best results of which the method is capable; yet an examination of 
the light-curves on p. 22 of the BuHetin astronomique is disappoint- 
ing. It is evident from the published tables on pp. 17-19 that suc- 
cessive observations with his photometer could be made within a 
single minute of each other, as this is actually the case with different 
color-screens; yet as much as two hours was allowed to elapse between 
observations with the same color-screen, even near the most critical 
point of the curve, the minimum. For instance, in the eclipse of 
Algol of October 25-26, 1907, the vitally important position of mini- 
mum is interpolated between points as much as one hour on either 
side of it, when it could and should have been sharply located by an 
almost continuous series of observations. Nordmann does not plead 
clouds as an excuse, and in fact this could hardly have been the 
case, as the same method of procedure appears to a greater or less 
degree in the results of six different eclipses on different dates. There 
is no doubt that a practiced observer with Nordmann’s photometer 
could readily detect a time-lag of the amount announced by Nord- 
mann (16 minutes) between the minima of the red and blue rays of 
Algol, and even less in other stars where the light-curve is steeper; 
but Nordmann can hardly be said to have made out his case. 

In applying the method of monochromatic photometry the intro- 
duction of the parallax cannot, in most cases, furnish anything that 
may be called an approximate measure of the space-dispersion. ‘The 
most that it can do is to set a superior limit to it. This point I have 
elsewhere discussed,' but the argument may be summarized briefly 
as follows: 

We may at present assign 0”1 as a conservative limit to the 
accuracy of stellar parallax measures. Very few stars have a parallax 
exceeding this, and all the stars used by Nordmann and Tikhoff fall 
much below it. Algol, for instance, has yielded figures ranging from 


t Jour. Franklin Institute, August 1907 (Boyden Prize Memdir). 
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0’o07 (Chandler) to 0’04 (Chase). All that we can safely say of such 
a star is that its distance is too great to be measured, i. e., greater 
than 30 light-years. Assuming the distance of 30 light-years, which 
is the minimum allowable, a time-lag of a quarter of an hour between 
the times of minima of the red and the blue rays would mean a 
difference in the speed of travel of one part in a million; and for a 
greater distance, which is certainly the case, the dispersion would 
be less. ° 

It may now easily be seen why Nordmann and Tikhoff arrive at 
measures of space-dispersion which differ (as Lebedew points out, 
op. cit., p. 105) in the ratio of 30:1. The uncertainty as to the 
parallax of Algol is a minor cause, but by far the greater part of the 
divergence is due to the rather excessive confidence placed by Tikhoff 
in 740 light-years as the distance of RT Persei. It must be said 
that Lebedew, in making this criticism, does not point out definitely 
the error, but rather creates the false impression that it is the method 
of monochromatic photometry itself that is “wholly inapplicable.” 

Lebedew also raises the objection that ether-dispersion is squarely 
against the electromagnetic theory of light, and therefore to be 
accepted with grave caution. It is true that the accepted equation 
for the propagation of electromagnetic disturbances in space contains 
the velocity in a form independent of the frequency, but it is to be 
remembered that this equation is derived on the assumption that 
space is a perfect insulator. If we admit any conductivity, no mat- 
ter how small, the equation at once changes its form, and assumes a 
form where the velocity becomes a function of the frequency.' In 
addition a damping factor appears, which shows that dispersion and 
absorption are necessarily connected. This last point Lebedew 
makes with great success, and it was this argument which caused 
Nordmann to make the first retreat from his original position. Yet 
it would seem that Lebedew makes this point on the authority of 
Planck, and has overlooked the cognate fact that ether-dispersion 
(of course, much less than that announced by Nordmann) in the 
presence of absorption may be entirely in harmony with the electro- 
magnetic theory. 

Lebedew is general, rather than specific, in citing the electro- 


t Webster, Electricity and Magnetism, pp. 522-524. 
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magnetic objection to the possibility of ether-dispersion, and I am 
not certain that the difficulty may not have presented itself to him 
after this fashion: it is sometimes said (erroneously) that the electro- 
magnetic theory proves that the ratio of the electrostatic and electro- 
magnetic units of quantity is equal to the speed of light. This ratio 
is certainly a constant; hence the speed of light must be independent 
of the wave-length. The correct statement of the matter is this: 
the ratio of the units is equal to the speed of propagation of electro- 
magnetic disturbances in space. Experience shows that the speed 
of light is, to within one part in 10,000, identical with this; and the 
conclusion is that light is an electro-magnetic disturbance. More- 
over, the argument is altered if space be in any degree a conductor. 

It would therefore appear that Lebedew is rather too sweeping 
when he characterizes (of. cit., p. 103) “the methods employed” by 


‘ 


Nordmann and Tikhoff as “on principle inapplicable.” 


CENTRAL HIGH SCHOOL 
PHILADELPHIA 

















WATER-VAPOR IN SUN-SPOTS 
By WALTER M. MITCHELL 

There has been considerable discussion in recent years regarding 
the presence of water-vapor in sun-spots, but as yet no satisfactory 
conclusions have been reached. ‘The difference of opinion is of course 
due to the varying observational data recorded by the different 
observers. Just why the observations for this particular portion of 
the sun-spot spectrum should vary so greatly is hard to understand; 
possibly the variety of instruments used in making the observations 
is a contributing cause. 

Recent investigations have shown that some of the characteristics 
of the sun-spot spectrum appear to be caused by the absorption of 
various oxides and hydrides existing in a state of vapor in the sun-spot 
region, and as these compounds apparently are low-temperature 
products it is thought possible that water-vapor may also exist in these 
regions on account of the reduced temperature. Unfortunately the 
present state of our knowledge regarding the actual physical condi- 
tions in the sun-spot or in the levels above is so deficient, that it is 
doubtful if we can state, with any approximation to the truth, whether 
or not the conditions are favorable for the existence of water-vapor. 

Since the solution of the question from theoretical considerations 
is at present impossible, our only remaining method of investigation 
is the spectroscope, and, as past experience has shown, the results 
of this method are not very convincing. 

The various observations of the widened lines in this region of the 
spectrum (A 5860-A 6000) are widely discordant. However, the lines 
resolve themselves pretty clearly into two classes: 

1. Lines which have been recorded by nearly all observers, and 
are surely affected. 

2. Doubtful lines, identified as due to water-vapor but not recorded 
by all observers. 

Most of the lines of the first class are identified with those of 
known elements, principally iron and titanium; a few have been 
regarded as water-vapor lines. The question immediately arises 
whether the latter are really water-vapor lines or faint solar lines, 
unidentified as yet, but coincident or approximately so with the water- 
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vapor lines. The latter view has always been held by the writer. 
Instruments of low resolving power are not capable of separating the 
components of close doubles, and the widened line is erroneously 
identified as due to water-vapor, while the solar component of the 
pair is the one affected. One instance is the titanium and water- 
vapor lines at A 5938.04 and A 5938.27: most observers record the 
latter line as the one affected. Other instances are the pairs at 
A 5918.7 and A 5941.8 in which the titanium line of each pair is the 
one affected, as can easily be verified with an instrument of sufficient 
resolving power. ‘These instances show the insecurity of conclusions 
regarding the identity of the line, based upon observations made with 
low-power instruments. 

The lines of the second class are more numerous. On comparing 
the various observations of these lines one is struck by their very 
great discordance." Hardly two observers ever record the same 
lines; frequently, however, the observations are grouped about a 
certain wave-length, indicating that there must be some line or shad- 
ing at that point, but its nature is so indefinite that it is impossible 
to fix the position with any certainty. In other cases there is no agree- 
ment whatever. 

From the discordance of the observations one is led to the con- 
clusion that the selection of water-vapor lines intensified changed 
with the different spots observed; this is not in agreement with the 
general behavior of spot lines, and may be considered as evidence that 
the widening of the water-vapor lines observed is due to some other 
cause than sun-spot absorption. 

It is unquestionably a difficult matter in the case of a faint line, 
only feebly intensified, to decide whether the intensification is really 
due to the spot or is a subjective effect caused by the darker back- 
ground of the umbral spectrum. ‘That something of this sort takes 
place, and that numerous lines have been recorded as intensified 
when in reality they were unaffected, has long been the opinion of 
the writer. This effect seems to be increased with instruments of 
low power, for various observers have remarked upon this change 

«It may be remarked that the system of recording the intensity of spot lines 
devised by Fowler is not very satisfactory for the water-vapor lines, for inasmuch as 


’ 


these lines ‘‘change with the weather” we have no standard of intensity to use in 


comparison with their intensity as recorded in the spot spectrum. 
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in the appearance of the widened lines when using different instruments. 
Hence the disagreement of the observations may be partly due to this. 

The writer is not prepared to state that he has ever been certain 
that he saw the water-vapor lines affected. Sometimes they have 
been slightly darkened, but the appearance was so different from that 
of the real spot lines, even if equally faint, that he hesitates in stating 
that they were affected. 

Observations recently made by the writer with a powerful spectro- 
scope (to be described in a later paper) seem to indicate that the false 
intensification is more pronounced when the water-vapor lines are 
prominent in the solar spectrum, i. e., when the proportion of water 
vapor in the earth’s atmosphere is greater. This may partly explain the 
differences between the different observations. It has also been noticed 
that the number of water-vapor lines apparently darkened increases 
with the darkness of the umbral spectrum, irrespective of whether it 
be a more or less strongly absorbing spot that is under observation. 

Cortie states (The Observatory, 32, 102, 1909) that the observations 
recorded in the Astrophysical Journal for December 1908 were made 
under such atmospheric conditions that water-vapor lines of intensity 
ooo (on Rowland’s scale) were visible. Evershed’s observations, 
which have been compared with Cortie’s, were made when lines 
marked o were invisible. Cortie records many more water-vapor 
lines affected than does Evershed; this agrees with the writer’s obser- 
vations noted above. Cortie remarks that for a satisfactory com- 
parison with his, observations should be made under similar atmos- 
pheric conditions. With this the writer does not agree at all. It is 
obviously the worst possible time to look for spot lines when the solar 
spectrum is crowded with water-vapor lines of terrestrial origin. In 
order to eliminate any effects of water-vapor in the earth’s atmos- 
phere, and to render the spot spectrum as “ unadulterated” as possible, 
observations should be made when the sun is at the highest altitude 
and the atmosphere is most free from water-vapor. Then only will 
the true sun-spot spectrum be visible, disencumbered from the spuri- 
ous widenings of telluric lines. 

It has occurred to the writer that the most satisfactory method of 
determining whether the widening of any line is real and due to solar 
action, or is merely a subjective effect, is by means of the sun’s rota- 
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tion. If the widening of the line is due to solar action, its wave-length 
will vary with the position of the spot on the sun’s disk. Measure- 
ments can perhaps be made most advantageously from neighboring 
lines known to be of solar origin. The difference of wave-length 
between the spot and solar line will remain constant no matter what 
may be the position of the spot on the sun’s disk. ‘The question of 
varying velocities due to possible differences of level might affect the 
results somewhat, but this effect would be very small.. If, however, 
the difference in wave-length of the two lines varied, that is, if the 
wave-length of the line under investigation were constant, it would 
seem to indicate that the intensification of the line was not the result 
of solar action. 

With the instruments used by the writer at Haverford and formerly 
at Princeton displacements due to the sun’s rotation should easily be 
seen; at least the lines should appear unsymmetrical. But as no such 
phenomena have ever been observed in the water-vapor lines, one 
concludes that the intensification cannot be due to solar sources. 

It may be noted that Hale remarks (Astrophysical Journal, 28, 322, 
1908) that the water-vapor lines show no evidences of circular polari- 
zation in the sun-spot spectrum, whence it is probable that they are 
unaffected by sun-spot absorption. 

In conclusion the following points are to be brought out: 

1. Our knowledge of the physical conditions prevailing in sun- 
spot regions is too deficient to permit deductions of any value to be 
made from it. 

2. Lines in the sun-spot spectrum identified as water-vapor lines 
may be metallic lines as yet unidentified, similarity of wave-length 
leading to the erroneous identification. 

3. The slight intensifications of faint lines may not be real, but 
only subjective effects, instrumental and otherwise, and until we are 
certain that the lines are really affected, evidence derived from them 
cannot be regarded as worthy of consideration. 

4. The existence of water-vapor in sun-spots may be possible, for 
we know nothing to the contrary, but in the opinion of the writer 
there is no evidence of its presence. 


HHAVERFORD COLLEGE OBSERVATORY 
HAVERFORD, PA. 
May 1909 











A DETERMINATION OF WAVE-LENGTHS (INTERNA- 
TIONAL SYSTEM) FOR THE ARC AND SPARK 
SPECTRUM OF MERCURY 
By HAROLD STILES 


At the meeting in Oxford in 1905 and in Meudon in 1907, provi- 
sion was made by the International Union for Solar Research for the 
determination of a set of secondary standards of wave-lengths, based 
upon the red cadmium line as a primary standard. 

The interferometer measurements of Fabry and Buisson' for 115 
lines, those of Pfund? for 23 lines, and those of Eversheim for 4 lines 
have already been published, so that we are now provided with a 
secondary standard for each 50 A. U. throughout a range of wave- 
lengths extending from A 6495 to A 2374. 

The use of these secondary standards renders necessary the revision 
of tables of wave-lengths for each element. 

On account of its widespread use and of its persistence as an 
impurity, mercury is an element whose revision is much needed. 
For it is a well-known fact that tubes exhausted by a mercury pump 
contain enough of the vapor of that element to give a number of its 
spectral lines. Lewis* also comments upon the extremely small 
traces of mercury sufficient to cause the green mercury line to appear 
in a tube of pure hydrogen. Horton‘ found that he could get rid of 
mercury lines only by using a glass spiral, cooled by liquid air, between 
the tube and the pump. 

The object of the present investigation is to measure the wave- 
lengths of the lines of the arc spectrum of mercury by interpolating 
between the secondary standards of Fabry and Buisson, and to extend 
if possible the red end of the spectrum. 

The earliest of the modern wave-length determinations for mercury 
are those of Kayser and Runge,’ whose values are based upon Bell’s 
determination of the sodium line D,, namely, 5890.19. Most of 

t Journal de physique, '7, 169, 1908; Astrophysical Journal 28, 169, 1908. 

2 Astrophysical Journal, 28, 197, 1908. 3 Ibid., 10, 137, 1899. 

4 Proc. Camb. Phil. Soc., 19, 501, 1908. 


5s Annalen der Physik, 43, 403, 1891. 


48 








WAVE-LENGTHS IN SPECTRUM OF MERCURY 49 


the subsequent determinations have been made by interpolating 
between the values of Kayser and Runge. Considering the fact that 
the salts of mercury in carbon poles were used by these two observers 
as a light-source, it is not at all strange that some mercury lines 
were overlooked and that some lines due to other elements should be 
mistaken for those of mercury. 

Huff! added a number of new lines to those already found, but 
failed to find some of the extreme ultra-violet lines given by Kayser 
and Runge, including A 3305, although A 3342, recorded as very weak 
by Kayser and Runge, came out strongly on Huff’s plates. Several 
new lines were added by Stark,* who used as a light-source the Heraeus 
quartz lamp. 

The much more accurate determinations by Fabry and Perot? 
are confined to four Hg lines only, namely, the blue, the green, and 
the two yellow lines. 

APPARATUS 

The method employed was photographic. A ten-foot Rowland 
concave grating, having 14,438 lines to the inch, with its mountings 
resting upon rubber corks, was supported by brick piers built upon 
the ground. The spectra of the first and second orders on one side 
were particularly brilliant. 

The plates were measured on a Société Genevoise dividing engine, 
having an exceedingly accurate millimeter screw of 33 cm length. 
Upon the screw-head was mounted a gear-wheel intermeshing with a 
second gear-wheel on a separate shaft; the number of teeth on the 
gears being so chosen that one revolution of the second wheel corre- 
sponded exactly to an Angstr6ém unit. The number of whole Ang- 
strém*units was read off on a revolution-counter geared to the second 
shaft; and since the second wheel was divided into one hundred 
parts, it was possible to read directly to 1-100 of an Angstrém. 

Ordinarily Seed 27 and Seed orthochromatic plates were used; 
but for obtaining the red lines Seed 27 were bathed in a most effective 
staining bath kindly furnished by Mr. Robert J. Wallace,* then of the 
Yerkes Observatory, now of the Cramer Dry Plate Co. 

t Astrophysical Journal, 12, 103, Igoo. 

2 Annalen der Physik, 16, 490, 1905. 


3 Astrophysical Journal, 15, 273, 1902. + [bid., 26, 317 
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METHOD 


In order that no part of the spectrograph might be moved, the 
mercury lines and secondary standards were superposed upon the 
same plate. On one side of these superposed spectra the spectrum 
of iron was photographed; on the other side that of mercury. These 
two latter spectra served merely for purposes of identification. 


IRON-AMALGAM ARC 


In order to have both mercury and iron in the same light-source, 
carbon poles were filled with an iron amalgam. The amalgam was 
prepared electrolytically by using mercury for cathode and iron for 
anode in an acidulated solution of ferrous sulphate. A current of 
ten amperes made in half an hour sufficient amalgam to fill several 
carbons. ‘The amalgam was separated from the free mercury of the 
cathode by straining the whole mass through cheese cloth. It was 
found necessary to use the amalgam while quite fresh, as it decomposes 
in a very few hours. 

While the ideal way of obtaining the superposed spectra is to have 
the iron and mercury in the same arc at the same time, it was found 
that the exposure necessary to give the iron standards with good defini 
tion was not the proper exposure for obtaining most of the sharp, 
narrow mercury lines. A few good mercury lines were obtained in 
this way on the same plate with good iron standards, and their wave- 
lengths carefully measured. When the iron amalgam was used for 
the superposed spectra a quartz mercury lamp and carbon poles 
containing iron wire furnished the identification spectra." 

MERCURY JETS IN AIR 

An arc formed between two mercury jets gave a very bright source. 
The jets were formed in a box having glass sides; the light, passing 
through a circular opening in one of the sides, was focused upon the 
slit by means of a quartz lens. A filter pump drew the vapor from 
the box into a condensing tube. The jets were fed from two reser- 
voirs which served also as electrodes. The spectrum thus obtained 

t It is a striking fact that while carbon poles filled with electrolytic iron and mer- 


cury give many mercury lines, no iron lines appear. Is this because the amount of 
iron present is too small or because of a sort of ‘‘selective conduction” which allows 


the mercury vapor to carry practically all of the current ? 
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appeared to contain the same wave-lengths as the arc in vacuo; but 
the lines were so enormously widened as to render them quite unfit 
for wave-length determinations, a fact already well known from other 
observations made at atmospheric pressure. 

VARIATION OF INTENSITY WITH TEMPERATURE 

An interesting difference of intensity was noticed in passing from 
the jet arc to the vacuum arc. Lines of wave-lengths 4916.05 and 
4960.43 were of about equal intensity in the spectrum of the jets, 
whereas when the arc in vacuo was used as a source the line 4916.05 
was about twenty times as intense as line 4960.43. Stark’ noticed 
that the line 4960.43 changes greatly with temperature, appearing 
as intense as line 4916.05 for light directly from the cathode where 
the temperature is supposed to be high. In the case of the arc between 
jets it was also observed that lines of wave-lengths 3906. 48, 3901.96, 
3794.28, 2804.52, 2803.54, 2799.83, 2698.88, 2674.99, and 2603.15 
were relatively much weaker than with the arc in vacuo. 

ARC IN VACUO 

Glass lamps of the Fabry and Perot type and a quartz lamp made 
by Heraeus were used for the arc in vacuo. All of the lamps were 
carefully cleared; the mercury which had been distilled in a vacuum 
was heated to boiling while the lamp was connected to the air-pump. 

The exhaustion of the lamp was carried on for some time after 
the appearance of the greenish-yellow fluorescence due to cathode 
discharge. 

The lamps were operated on a r1o-volt direct-current circuit; 
the current was about 14 amperes for the glass lamp. The quartz 
lamp was started with about 3 amperes, which dropped to 1§ during 
the first five minutes, after which the current remained steady. 

A few very fine lines appeared with the glass lamp which were 
weaker or did not appear at all when the quartz lamp was used. 
Similar differences were noted between the spectrum obtained when 
the source was near the anode and when it was at a point midway 
between the electrodes of the quartz lamp. 

Because of the fact already mentioned that only a few of the mer- 
cury lines could be accurately measured when the iron amalgam was 


t Annalen der Physik, 16, 490, 1905. 
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used, it was found necessary to make rather extensive use of the quartz 
lamp. In order to obtain the superposed spectra a photograph was 
taken with the quartz lamp as light-source and then, without changing 
anything else, the iron arc with one rotating electrode’ was substituted 
for the mercury arc. 

In each region of the spectrum it was necessary to take several 
photographs of the mercury lines, using different exposures, since an 
exposure which was correct for some of the lines was unsuitable for 
others. In this way many good mercury lines were obtained upon 
the same plate with good iron standards. In several instances iron 
lines practically coincided with certain mercury lines. To get the 
wave-lengths of these lines the comparison spectrum of mercury alone 
was used, interpolating between mercury wave-lengths already 
determined. The results obtained when the quartz lamp was thus 
used agreed as closely with the results obtained with iron amalgam 
as the results by either of the two methods agreed among themselves. 


RED LINES OF MERCURY 


In the literature of the mercury spectrum little is to be found con- 
cerning the red end. None of the investigators previously mentioned 
except Horton seems to have given much attention to the red lines. 

In studying the discharge from a glowing lime cathode in mer- 
cury vapor Horton’ observed five mercury lines whose wave-lengths 
he determined by a wave-length spectroscope and found to be 6070, 
6121, 6232, 6715, and 6912. Stark records two lines of wave-lengths 

74.5 and 6125, which Horton thinks may be the same as two of 
his lines. Inasmuch as no other investigators have recorded lines 
corresponding to the other three observed by Horton, he infers that 
these lines may possibly be absent or at least very faint in the ordinary 
arc and spark spectra. 

By the use of the Wallace dyes I had already photographed and 
measured six red lines (five of which are doubtless the same as those 
observed by Horton) before Horton’s article had come to my notice. 
With the quartz lamp as light-source and with a rather wide slit these 
lines were all easily visible either with the grating or through a Ruther- 
ford prism. 


t Phil. Mag., 38, 379, 1894. 2 Proc. Camb. Phil. Soc., 19, 501, 1908. 
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As far back as 1860 Gladstone’ published a drawing of a mercury 
spectrum containing three lines in the orange and three in the red 
placed by the side of a map of the solar spectrum. Judging from their 
position with reference to the Fraunhofer lines it is possible that the 
first six lines of the following table had long ago been observed by 
Gladstone. In this part of the spectrum, a much longer exposure 
and wider slit was needed for the mercury than for the iron. 

In addition to the lines in the following table a number of very 
fine lines were observed, especially on plates long exposed, whose 
wave-lengths were not determined. 

Of course not all the lines could be measured with the same degree 
of accuracy, some of them at all times appearing relatively broad or 
hazy. It is believed that the possible error is not greater than indi- 
cated in the second column of the table on p. 54. 

The first column contains the wave-lengths as measured by me 
and referred to Fabry and Buisson’s definitive values; the second 
column gives the errors which seem to me possible, judging from 
discrepancies between various plates and various measures on the 
same plate; the third column gives the intensities on a scale in which 
to represents the maximum intensity. 

The following table of lines in the spark spectrum of mercury (p. 56) 
is based upon the secondary standards of Buisson and Fabry (Journal 
de Physique, '7, 169, 1908; Astrophysical Journal, 28, 169, 1908). 

A very important work on the spark spectra of mercury has been 
done by Eder and Valenta,? who used tubes provided with aluminum 
electrodes. 

Tubes similar to these, as well as tubes of the Michelson type, were 
used by the writer, but the heating of the electrodes, which frequently 
resulted in the destruction of the tube, suggested the use of mercury 
electrodes. Tubes of the kind shown in the figure were found to be 
more durable and to withstand more heating. 

The legs were bent twice at right angles and filled with mercury 
nearly to the capillary. Heat applied with a bunsen burner at A 
caused a distillation of the mercury through the capillary into the con- 
densing chamber B, which was kept cold in order to keep down the 

t Phil. Mag. (4), 20, 249, 1860. 

2 Annalen der Physik, 55, 479, 1895. 
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TABLE OF WAVE-LENGTHS OF ARC LINES 





| 
| Pos- |Relative Pos- |Relative 
Wave-Length | sible | Inten- Remarks Wave-Length sible Inten Remarks 
| Error sity Error sity 
ESE . _ —_ — - 
7081.96 | 0.15 I 3391.04 #5 I |Very broad, hazy 
6907 - 47 04 t-4 \} 3351.01 15 I 
6716.315 .O4 I 3341-479 .O1 6 
6234.31 | .03 2 3131-845 Ol { 
6123.48 | .05 I 3131.562 .O1 1 
6072.66 | .05 I 3125.075 OI 5 
5859.49 .I0 I Broad, hazy 3027 .494 02 3 
5790.659* vas Io 3025 .617 oI 2 
5789.52I | .02 2 3023 .485 oI 4 
5769. 598* ‘ Io 3021.502 oI 5 
§6075.811 | .02 I 2967 . 276 oI 5 
5460.742* | ...]| Io 2925 . 386 02 4 
5399-980 | .02 I 2893 .606 Ol 5 
5354-290 | .04 I Broad, hazy 2856 .973 02 3 
5081. 260 | +02 ° 2800 .844 2 I 
§025.503 | .02 ) 2805 .422 02 I 
4900. 427 .O4 2 Broad, hazy 2804. 521 1 2 
| 4916.051 | .Oo! 5 2803 . 530 o2 } 
| 4451 .037 o2 I 2799 .820 .03 2 
| 4358-343* | 10 2759-780 | .0o2| 3 
4347.504 | .OI 6 2752.802 OI 4 
4343 .638 | .02 2 2700.92 .06 I 
4339-245 | .o1 4 2699 . 503 03 I Hazy 
W 273.27 | .10 I Broad, hazy 2698 . 885 03 4 Hazy 
4108.116 | .O2 2 2697 . 291 .O2 I 
i] 4077-842 | .or 6 2674 .987 -O2 2 
i] 4049.557 | «Or fe) 2055.142 .03 4 
i 3983-903 | -Or 2 2653 .703 02 } 
i} 3906.478 | .02 4 2652.069 03 5 
ti 3901.965 | .04 2 2639 .929 .O4 1 Broad, hazy 
} 3849.274 | .03 I 2025 .238 .O2 2 
| 3801.665 | .03 2 2603.15 05 3 
| 3789.818 | .I0 I Broad, hazy 2593.41 03 I 
1 3775 -997 | -04 I 2576.325 02 } 
| 3773-549 | -05 I 2563 .go 03 
i} 3751-737 -O2 2 2530.520 o2 6 
1 3728.213 | .04 I 2534.800 02 3 
3704.28 -10 3 2483 .871 ol 3 
|| 3701.44 o4 I 2482 763 02 3 
iy 3063.274 | .O! 3 2452 .072 03 } 
i] 3662.881 | .or 2 2478.657 02 I 
i 3654.832 | .or 6 2464 .086 02 3 
i 3050.144 oI 8 2446 .Q17 03 3 
1) 3592.97. | .06 I Broad, hazy 2400.570 02 I 
|| 3562.882 | .03 I 2399 .812 03 2 
i 3561 .737 | -02 I 2399 -435 02 3 
| 3501. 203 O02 I 2350.001 .O2 2 
3545.00 -05 I 2378. 392 02 1 
3543-79 -I5 I Very broad, hazy 2352 047 -03 3 sroad 
3488 -35 .06 I |Very broad, hazy 2345-490 02 2 
3405.75 .O5 e 4 2340.601 02 I 
1 3451.04 -05 I 2323-302 -O4 2 Very broad, hazy 
3445 -43 .O5 z | 2302.1605 03 3 
3434.16 .05 I 2258.871 05 I 





* Values given by Fabry and Perot. 
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pressure. A large Siemens & Halske induction coil giving a seven- 
inch spark was used. The coil was operated on a 50-volt circuit, about 
7 amperes being sent through the primary. A Desprez interrupter 
was used. 

The method of superposing the spark spectrum of mercury and the 
iron standards upon the same plate was that described above for the 
arc spectrum. 
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With the exception of the line A 3984, which does not appear 
in the band spectrum, all of the strong arc lines appear in the spark 
spectra. 

With a cold tube employing no capacity in the secondary of the 
coil there appeared, in addition to the strong arc lines, the faint band 
spectrum, also a few hydrogen lines, the Hg line being the most 
prominent. Upon heating the tube the hydrogen lines disappeared, 
the banded spectra of mercury appearing much stronger, as described 
by Eder and Valenta in their article referred to above. 


RICH-LINE SPECTRUM 


The spectrum called by Eder and Valenta the “Linienreichste 
Linienspectrum”’ was obtained by them by heating the mercury hot 


enough to distill through the capillary and by using sufficient capacity 


in the secondary. One jar of 0.0025 micro-farad capacity seemed to 
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TABLE OF WAVE-LENGTHS OF SPARK LINES 




















| | 
Wave-Length ana — Wave-Length mong | rere 
6149. 369 | 0.02 2 4597-715 .03 I 
5888 .789 .03 3 4552.886 03 | 2 
5871. 301 | .05 3h,b 45460.552 | .o4 | I 
5§790.659* | 7 4543 -594 Of | I 
§789.521* | I 4537 -441 04 | I 
i 5769.598* | 7 4534-492 03 «| Ot 
Hi 5728.115 | 05 2 4532-099 03 | I 
| 5677-145 | -05 8 b 4522.734 } .0o3 | 3 
i\| . 5666 . 372 | 04 1f 4515.789 03 I 
5662.013 .O4 1f 4507 .778 .O4 th 
! 5637.710 .O4 2 4506 .704 04 | 2h 
5595-340 | +04 2 4494-975 04 I 
5570-965 .O4 I 4491 .603 .O2 I 
| 5540-953 | -04 I 4489 .732 .03 2 
ii 5460.742* 10 b 4487 .482 .02 6 
i} 5450.148 oe” I 4483 .685 ae 71 th 
| 5425-245 05 10 b 4480. 496 .O4 1f 
5216.384 -O4 I 4470.598 .O2 2 
| 5210.794 04 Td 4459.185 .03 I 
| 5204 .783 04 3 4435-236 2 | I 
1} 5162. 285 -O4 I 4433-675 03 | I 
| 5128.415 | 4 4430.902 or | I 
5066 .495 .O4 I 4416 .970 02 | I 
i] 5043.258 .O4 I 4414.806 03 I 
| 4992 .132 .03 I 4413.828 04 I 
4991 .155 -03 I 4411.776 .O2 I 
4988 .036 04 | 1f 4408 .194 .04 ry 
4980.585 04 | if 4402.058 .02 6 
4973-425 04 5 4392.138 -03 4 
4961 .890 04 i 4385-575 03 3 
4949 . 530 .O4 I 4383 .189 .04 th 
4916.051* -O2 3 4382 .580 04 2h 
4902.853 .O4 | I 4378.629 .O2 3 
4898 .789 03 | I 4376.194 .02 6 
i 4869 .854 .03 I 4372.930 02 2 
4866 .717 -03 3 4368 .g50 or | I 
| 4864 .761 .O4 1f 4358. 343* 7 
4855 .724 04 ¥ 4 4347 .504* oI 3 
4844. 560 .O4 if 4343 .638* 02 : 
4841. 165 -O4 if 4339 -245* ol 3 
4825 .624 .O4 3 4336 .898 03 
| 4812.778 .O4 I 4333-222 OI 
1 4797 .008 03 3 4328.842 .02 I 
4766 .390 -O4 3 4327 .025 .03 I 
4751-173 .04 I 4324.617 .04 I 
4742.415 04 I 4320.534 | «03 I 
| 4727 . 260 04 I 4320.215 .02 I 
4661 .635 03 I | 4319 .644 .02 I 
4060. 277 .03 2 4317-144 .03 I 
4651. 169 .O4 I 4315-713 .03 I 
4047 .452 -03 I 4313-997 | +93 I 
4638 .842 .03 I 4306 .540 -O4 2 
4604.108 .02 I 4305 .404 | .03 I 
4602 . 373 .02 I | 4297 .275 | .02 I 
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TABLE OF WAVE-LENGTHS OF SPARK LINES-—Continued 

Wave-Lengih | Possible | Relative || Wave-Length | Pron’ | Intensity 
4292.210 .O1 2 4089 . 237 | .03 I 
4289 .726 04 I 4085 .057 .03 I 
4285 .942 .O2 I 4083 -495 .03 I 
4284.711 | -O1 3 4077 .842* -O1 5 
4282.781 .O1 3 4076.228 .03 I 
4277 509 | eg I 4075-864 | <OR I 
4270.093 .O1 I 4073-777 -O2 I 
4264 .6057 .OI 3 4069 . 896 .O2 I 
4261 .875 .O1 3 4066 .703 .03 I 
4257 -493 .OI I 4062 .413 .O2 I 
4256.182 .03 I 4060 .849 .02 I 
4255-977 .O1 I 4058 .621 .O2 2 
4252.584 04 | I 4055.710 | = .03 I 
4237 .489 .02 3 4053-395 .O2 I 
4233 -985 .02 4 4046 .557* | or 7 
4232.755 .02 I 4040.491 | .02 I 
4230.126 .02 4 4037 . 240 .02 I 
4227 .871 .03 2 4035-077 .O2 3 
4227 . 290 03 3 4032 .937 -04 3 
4226.221 -03 I 4029 .630 .03 I 
4221.414 .02 || 2 4025 .954 .03 4 
4218. 203 .02 I 4019 .026 | .03 | I 
4216.725 04 65 | 4014.537 03 | I 
4212.220 .O2 3 4013.458 of | 2 
4206. 100 .OI 3 4010.933 .03 I 
4205 .546 .02 I 4010.57 | .02 I 
4196 .684 .02 2 4006 . 270 .O1 3 
4191.982 .03 I 4003. 106 i .O2 2 
4185.51! .02 I 4001 .550 .02 I 
4182.671 .04 I 3999 -°73 .O2 I 
4181 .162 .O4 I 3995 .029 .O2 I 
4178 .025 | +03 6b 3993 -57° -03 3 
4175-628 | +03 3 3989 . 457 -03 2 
4168 . 337 .02 I 3988 . 522 04 if 
4167 .133 .02 I 3983 .963* .o1 3 
4165. 264 .O2 I 3978.790 .03 I 
4161.650 -03 2 3978 .417 .02 I 
4161 .274 .O2 I 3976.430 .03 3 
4150.681 .03 2 3968 .034 -O2 5 
4146.021 .03 I 3964 .834 .OI 3 
4140. 384 | .02 2 3962 .804 .03 3 
4134-750 | +03 I 3900 . 243 -O1 4 
4132.812 03 I 3954-45! 03 | 2 
4124.197 .O1 I 3950.906 .03 | I 
4122.12! .02 4 3949-851 .03 I 
4120.540 .03 1b 3948 . 286 .OI 4 
4117 .319 .02 I 3945 .087 .02 4 
4115.381 .O1 4 3942-594 .o2 | 3 
4108 .899 .O2 2 3942.240 .02 | 2 
4108. 116* .O2 I 3939-460 .02 I 
4106.745 .O2 2 3936 .620 .03 2 
4106. 209 -03 2 3931 .691 | 04 1h 
4103 .859 | «e | §8 Ff 3930-428 -03 I 
4098 . 467 | .03 I 3928 . 204 . ee 2 








i 
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TABLE OF WAVE-LENGTHS OF SPARK LINES—Continued 








Wave-Length | Possible | Relative || Wave-Length | Pyssitle | Relative 
3578-747 03 5 2947 .o80 03 4 
3549-415 .02 2 2940.531 .03 2 
3543-079 03 5 2939 .027 03 I 
3532-628 O4 3b 2935-917 02 2 
3519 .9049 02 I 2925. 386* .02 2 
3500. 300 03 I 2916. 2607 .03 4 
3494.810 03 2 2893 .606* op 3 
3473 008 ol 4 2880 .goo 02 I 
3 O2 4 2852 .001 04 I 
3 ol 2 2873-243 .O2 I 
3 03 I 2806 .172 .O2 I 
3 O2 I 2804 .998 03 I 
03 | 2856 .973* .02 I 
03 I 2852.415 .02 2 
03 I 2347 668 04 10} 
O4 I 2543-774 02 3 
O02 I 2835.448 03 I 
03 I 2832.801 o2 I 
03 5 2820.015 os 1f 
OI I 2800 . 371 ol 4 
O1 3 521* ol 2 
Ol 2 5 20% o2 3 
Ol 3 400 02 2 
03 I 7°7 02 I 
23 I 930 05 1f 
ol 5 971 O02 3 
.O2 I 780* 02 I 
OI I 802* oI > 
.O2 I 417 ol 4 
.02 I 454 04 ty 
.02 3 358 Ol 2 
a4 I 47° O2 4 
.O2 3 885* 02 4 
.02 2 200 03 3 
oI 2 192 03 2 
-O3 803 02 I 
.O 4 070 Ol I 
Ol 4 142* 03 2 
oI 1 703* 02 3 
oI 3 o069* 03 4 
02 I 975 03 I 
02 I 806 03 2 
.O2 I 056 .O4 3 
.O2 2 2608 .618 03 2 
O4 2 2000 .701 .O2 I 
.02 I 2603. 150* .05 2 
.O2 3 2599. 508 03 3 
-O1 3 2598 .450 03 2 
ol 4 2584.741 -03 3 
04 if 2576.325* .02 I 
O2 I 2574.862 .02 2 
o2 2 2503 .717 o2 I 
ol 5 2530. 520* 02 5 
o2 I 2534 .800* 02 4 
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TABLE OF WAVE-LENGTHS OF SPARK LINES—Continued 





Possible Relative Possible Relative 

ii Wave-Length Error Intensity Wave-Length Error Intensity 

Hi 2514.792 03 I 2464.385 03 I 

HI} 2499 . 300 03 I 2448 .505 2 I 

| 2492 .088 03 3 2414.120 2 3 
2484. 509 03 I 2407 . 349 } 3 
2483 .871* .OI 2 2390.164 3 2 
2482 .763* 02 2 2354.216 4 { 
2482.07 2* 03 } 2345-555 | I 

} 2478.562 03 2 2339-374 | 2 

i 2468 .7 29 05 3b 

| UNIDENTIFIED LINES 

| r Possible Relative Possible Relative 

i Wave-Length Error Intensity Wave-Length Error Intensity 

ii] 4267 .182 04 36 3442.866 2 I 

36049 ..538 02 2 3419 .990 oI 4 

| 3005 .804 03 2 3416.362 3 2 

| | 3550.278 .O2 4 3392.397 02 4 

| | 3552-052 03 4 3397 -414 I I 

| | 3545 .876 O02 2 3381 .085 I 2 

| 3528.318 OI 2 3302.851 I 4 

| 3522.381 Ol 4 3358-775 I 3 

i] 3515-019 oI 4 3329-755 O1 2 

i] 3512.830 .O2 2 3320.259 O1 2 

i} 3512.287 02 2 3321.011 O1 2 

i 3503-540 O02 2 3318.480 3 2 

| 3492-772 03 6 3317 -618 ol 2 

i 3486.441 02 3 3315-929 2 2 

| 3474-701 02 2 3295-524 3 2 

| | 3471-555 03 4 3290.245 2 I 

| 3462 .935 02 3 3281.461 2 2 

| 3454-340 oO! 3 2975-571 92 + 

t | 3450.197 03 2 2901 .3840 I 2 

i 3448 .745 02 2 2836.7 24 3 2 

{| 3440 .3512 03 I 2008 .773 2 2 

i 3445-148 03 2 2583 . 805 02 I 


be about the minimum capacity for obtaining a good rich-line spec- 
i} trum. 
Pollock,* in his article on the principal lines of the spark spectra of 





the elements, points out a most serious difference in the relative inten- 
sities of spark lines existing in the records of different observers. This 
1 difference is much more marked, as is well known, in the case of the 
spark spectrum than in that of the arc. The relative intensities of 


t Proc. Roy. Dublin Soc. (N. S.), No. 16, 184, 1907. 
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many of the lines in the preceding table differ much from those given 
by Eder and Valenta. The intensity of many of the lines seems to 
vary much with apparently small changes in the conditions under 
which the photographs were obtained. ‘Two photographs were taken 
side by side upon the same plate not more than two minutes apart, 
using the same tube, and as far as could be determined under exactly 
the same conditions, yet one spectrum contained twelve lines which 
were relatively much stronger than the corresponding lines of the 
other spectrum. 

A number of lines appeared on the plate which could not be 
identified in the tables of spark lines. It was thought best to report 
the strongest of these lines with the hope that they might prove to be 
of interest. Since some of the spark lines appear only under special 
conditions, it is quite possible that several of these lines may prove to 
be due to mercury. 

A transformer stepping up from 100 to 5000 volts gave in addition 
to the strong arc lines a few of the strong spark lines when no capacity 
was used in the secondary. With capacity many of the spark lines, 
including line A 6149, not visible in any of my previous tubes, appeared. 

In the preceding table lines marked with an asterisk appear in the 
arc spectrum as well as the spark. 

Intensities are given on the Rowland scale running from 1 to to, 
in which the heaviest line is marked 10. The letters following the 
numeral for intensity have the following meaning: b)=broad; h= 
hazy; /=faint; v=very. 

I desire to express my sincere thanks to Professor Crew for valuable 
assistance rendered in this work. 

NORTHWESTERN UNIVERSITY 

EVANSTON, ILL. 
April and June 1909 























EIGHT STARS HAVING VARIABLE RADIAL 
VELOCITIES 
By EDWIN B. FROST anp OLIVER J. LEE 

The stars included in this list are principally from the regular 
programme of Orion stars, still under observation with the Bruce 
spectrograph. The first, second, and fourth were included in the 
special list referred to in Frost’s recent paper’ as having sharp H and 
K lines. The measures given below are all by Lee, unless otherwise 
indicated. In most cases, he has reduced the plates with tables 
constructed in the manner suggested by Schlesinger, a procedure 
entirely adequate on spectra of the first type, taken with one prism. 
With the exception of three of the plates of 72 Ophiuchi, all of the 
spectrograms were taken with the dispersion of one prism, and camera 
B, of focal length 608 mm, was used for all. The following symbols 
are used for the different observers at the telescope, Mr. Sullivan 
assisting, as usual, in the guiding: A=Adams; B=Barrett; F 
Frost; L=Lee; M=S. A. Mitchell; P=Parkhurst. In describing 


the quality of the spectrogram, g= good; w=weak; v= very. 


68 Cassiopeiae (a =oh 39™; 6=+47° 19’; Mag.=5.5) 





Plate Date G. M. T. Iaken by | No. Lines Velocity Quality 
km 
IB 421...) 1904 Nov. 11 7h 5m F 5 68 g 
1186...| 1907 Sept. 24 IQ 35 L 6 57 g 
1711...| 1908 Aug. 28 18 27 B 5 37 g 


The spectrum is a good example of the Orion type, with the helium 
lines A 4388 and 4472 particularly in evidence. Mg A 4481 is not 
distinct. ‘There are suggestions of duplicity in case of some of the 
hydrogen lines on the first plate, but they were measured as single. 
None of the plates is strong enough in the violet to bring out H and 
K well, but these lines appear to be sharp. 


t Astrophysical Journal, 29, 234, 1909. 
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37 ~ Orionis (a=5h 29m; 5 = +0° 25’; Mag. =4. 5) 


: Taken No. 


Plate | Date G.M.T. | Tqken | No. | Velocity pring joke Quality 
km km 

IB 86....| 1903 Sept. 18 | 20h 54m A 14 | { +36 I +42 /|v.g. 
7 ( +37 tee 

re Nov. 14 22 29 A 14 § +33 2 + 8] v.g. 

6 / + 30 Me 

253....| 1904 Jan. 2 20 37 \ 14 { +36 2 +13] v. g. 
5 |t +40 ee 

ee eee Nov. 18 IQ 31 B 12 +42 I +25 | v. g. 

969....| 1907 Feb. 2 16 11 F 12 { +47 I +13] v. g. 
9 1 +46 2 +15 

) tee Oct. 18 2I 03 B 12 +45 I +17 | V. g 


The second measures of the first three plates were made several 
years ago by Mr. Walter S. Adams. ‘The close accordance of the three 
values gave no suggestion of variable radial velocity; and this was not 
established until the last two plates were measured, and the H and K 
lines were investigated. ‘The second measure of No. 969 was kindly 
made by Professor S. A. Mitchell. The star has one of the best 
measurable spectra of the Orion type that has thus far been obtained 
with the Bruce spectrograph. ‘The lines of hydrogen and helium are 
narrow and sharp, with the dispersion of one prism, and numerous 
other lines permit accurate settings. The calcium lines H and K 
are very sharp and distinct, and the star was listed here long since 
among those having that peculiarity. As in the case of & Persei, g 
Camelopardalis, and 8 Orionis, here the radial velocity inferred from 
the displacement of these calcium lines differs decidedly from that 
derived from the other lines. The velocity varies for each set of lines, 
but not as if they were physically related; that is, on these six plates 
the H and K lines show a range of 34 km, with an average of + 20 km, 
while the other lines (H, He, etc.) range through only 12 km of 
velocity, with an average of +40 km. The hypothesis suggests itself 
that, in such cases, we are dealing with a quaternary system—a 
pair of spectroscopic binaries. The problem is far easier to study 
than for the three stars above mentioned, in which the H and K 
lines only are sharp. We shall secure plates of this star on all pos- 
sible nights, as soon as Orion becomes accessible, and investigate the 
orbit of the body having numerous lines, and of that represented by 
Hand K. It is, of course, not impossible that some other cause may 
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be found for the divergent behavior of the Ca lines than oscillations 
of a component star, showing solely or chiefly those two lines. Such 
a component star would certainly be expected to exhibit the hydrogen 
lines also, so that the H lines of $’ Orionis ought to be double at times. 
There are indications that this is the case on two of the plates, but 


the duplicity, if real, is not obvious. 


42 c Orionis (a=55 30m; 6 4° 54’; Mag. =4.6) 
Plate Date G. M. T Taken by No. Line Velocity Quality 
IB 116 1903 Oct. I0 21h 43m \ 7 5 g 
140 Oct. 23 23 36 I 7 33 £ 
447 1904 Nov. 18 | 21 28 B Il +5 g 


On the first and third plates there seem to be traces of a second 
component, implying quite large negative velocity. We have no 
recent plates of the star. The spectrum is rather difficult to measure. 


139 Tauri (a=5h 52m; 6=+25° 56’; Mag. =4.9) 
Plate Date G. M.T Taken by No. Lines Velocity Quality 
Kn 
IB 314...| 1904 Apr. 16 145 24 \ 10 17 Vv. g 
3209. Apr. 30 14 42 f 8 6 g 
455 Nov. 25 a2. «(é B 9 9 u 
958 1907. Jan. 25 Ig 14 B 12 + 21 Vv. g 
998 Feb. 22 18 14 if Il + 20 Vv. g 
1235.. (et. 22 20 4I r 11 I Vv. g. 


Double measures were made of spectrograms No. 455 and No. 958, 
which are the critical plates, and the above values are the means of the 
two, which differed by 4 km on No. 455, and by 2 km on No. 958. 

The spectrum is quite well adapted for measurement, for one of the 
Orion type. The presence of sharp H and K lines had led to sus- 
picions as to the constancy of its radial velocity, but the measurement 
of the plates could not be undertaken until recently. 

There are marked indications of duplicity for certain lines on 
some of the plates: thus on No. 958, He 4 4143 gave components at 
+91 and +10 km; on No. 1235, He 44472 gave —97 km and +2 
km. 
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5 Scorpiit (a=15h 54m; 6 22° 20’; Mag. =2.5) 

Plate Date G. M. T Paken by No. Lines Velocity Quality 

km 

7. ~\? > - | >IT - - 
IB 30 1903 June 5 17h 430 A 5 25 Vv. g. 
35 June 6 16 36 A 5 30 g. 
300 1904 Mar. 19 22 08 A 7 +22 Vv. g. 
2019 1909 May 17 18 10 L 5 30 g. 
2045 June 11 16 58 M 2 +14 Vv. Ww 


The spectrum has the general character of many of the stars of 
the Orion type in this part of the Milky Way, with very vague and 
broad lines. Determinations of the velocity cannot be accurate, but the 
variation can be seen from mere examination under the microscope. 

Whenever the star attains a large positive velocity, the presence of a 
second component is noticed. ‘Thus No. 300 has three or four 
duplicity effects which, referred to the sun, give means of +56 and 
—34km. Plate No. 2045, in like manner, gives components at + 68 
and —74 km. 

We find retrospectively that these variations did not escape the 
Harvard observers: Miss Maury describes’ its peculiarities as nearly 
explained by a combination of spectra of her groups I1la and Ib; 
and Miss Cannon (ibid., p. 176) says, “several plates show hazy lines, 
and this star is perhaps a spectroscopic binary.”’ 


, 


72 Ophiuchi (a=18h 3m; 6= +9° 33’; Mag. =3.7) 


Center Vuio1r. Comp.) Rep Comr 
TAKEN a Qual 
PLAT! DAT} G. M. T BY ITY 
No. | Ve- | No. | Ve- | No. | Ve 
Lines locity, Lines locity) Lines locity 
km km km 
IIB 36 1906 June 224 16hr2m B 8 34| 2 55, 6 |+ 6 g 
136 1907 May 28 30 3 F 7 20, 3 48} 4 |+15\ v.g 
IB 1070 June 1 18 34 Fox 9 29} 2 |-79] 2 12| v. g. 
IIB 278... 1909 Mar. 29 21 27 B 9 22) 5 66 5 6) v. g. 
IB 2009.. May 7 17 48 B 8 20 g. 


As shown in the table, the presence of double lines is a feature of 
this spectrum, and its binary character was inferred by Mr. Barrett 
from his examination of the first plate. ‘The type is Ia2, according 
to Vogel, or IXa,b, according to Miss Maury; with numerous toler- 
ably well-defined lines, so that the dispersion of two prisms is advan- 
tageous. 


t Harvard Annals, 28, 94. 
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When components are measured, settings are usually made upon 
different lines from those in which the center of the line is used. 
When both center and components of the same line are measured, 
the former is not taken as the mean of the latter. 

The absence of the second component on No. 2009 may be ex- 
plained by the fact that the plate is much less dense than the others, 
if the phase is not that of superposition of the lines. 


43 » Draconis (a=185 22m; 6=+71° 17’; Mag. =4.2) 


CENTER /|VioL. Comp.| Rep Comp 

. (TAKEN QUAL- 
PLATE DAT} G. M. T. 

7 BY | No. | Ve- | No. | Ve- | No. | Ve ITY 

Lines locity) Lines locity | Lines locity 

km km 

IB 737 1906 Apr. 20 20h43m F 8 Oo 2 39| 2 |+51/ v. g. 
1087....| 1907 June 25 18 18 B 6 i+ 4 5 481 5 |+47 g. 
1571....| 1908 Apr. 12 20 14 3 8 +9 2 |+53) Vv. g. 
2010 1909 May 7 18 50 L 4 |—20 Ww 


This star is from our programme of visual binaries. Its com- 
ponents are close, about 0°4, but differing nearly two magnitudes, so 
that only the bright one should affect our plates. Mr. Burnham 
states in his General Catalogue that the double star (No. 8578) has 
shown “no sensible change in the last fifty years.”’ 

The spectrum is of the first type, with > 4481 well measurable, 
and Hy and H8 quite sharp. These lines are distinctly double on 
some of the plates, as measured above, and the center and com- 
ponents of the lines have been measured as in the case of 72 O phiuchi. 
The whole range of variability is probably not given by these obser- 
vations, but there can be no question about the binary character of 
the star. 


59 d Serpentis (a=185 22m; 5=+0° 8’; Mag.=5.3) 








Plate Date ss Taken by | No. Lines Velocity Quality 
IB 37...) 1903 June 6 rgh r7m A II —30km g. 
S68: June 12 Ig 42 A Io — 27 g. 
374-..-| 1904 July 15 18 37 F 5 — 43 w. 
581...| 1905 Sept. 15 13 51 F 7 —47 g. W. 
836...| 1906 Sept. 5 15 18 F 13 46 g 
846...| Sept. 14 I5 40 F 5 — 40 Vv. W 
851...| Sept. 17 I4 00 F Io —36 | g.w. 
864.. | Sept. 24 I4 21 F 9 — 40 Ww 
2026...| 1909 May 21 20 I5 L 5 +10 g. w. 
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The first plate was long ago measured by Adams, and the second 
by Frost, with results in accordance with Lee’s values in the above 
list. ‘The large range in velocity, so distinctly shown at the end of 
the table, was not suspected until the last plate was measured. 

The spectrum is of type Ia2, with numerous lines, but many 
of them are too hazy for satisfactory measurement on most of the 
plates. However, the lines do not appear to group themselves as 
if two bodies were contributing to the spectrum. In her recent paper 
on the classification of 1477 stars (Harvard Annals, 56, 108), Miss 
Cannon states that “the spectrum is clearly composite, the brighter 
component is Class A, the fainter probably having a spectrum of 
Class G.” It is not clear from this whether she refers to the two 
visual components of this double star (Burnham’s General Catalogue, 
No. 8562, mags. 5.5 and 7.8), which would be superposed, if the 
fainter one makes an impression on the Harvard plates. It seems 
impossible that the faint visual companion should appreciably affect 
our spectrograms. 

The light of this star was found variable by Miiller and Kempf 
in 1891, and Yendell subsequently noted a range from 5.0 to 5.7 
mag., with a period of 8.72 days. Per contra, the Harvard observers, 
Professors E. C. Pickering and Wendell, have found its light constant 
within o.1 magnitude at later dates. 

It will now be of interest to discover whether a relation exists 
between velocity-oscillations and light-variations, and whether the 
amplitude of each may not be subject to a slow change. 

YERKES OBSERVATORY 

June 1909 
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GEORGE WASHINGTON HOUGH 

Professor George W. Hough, who died on the first day of the cur- 
rent year, had been director of the Dearborn Observatory for thirty 
years, having been appointed to this position in 1879, before the 
observatory was moved from Chicago to Evanston. He was born in 
Montgomery County, New York, on October 24, 1836, and graduated 
B.A. from Union College, Schenectady, in 1856. Upon leaving 
college, Professor Hough taught for a year or so at Dubuque, Iowa. 
But his serious astronomical work did not begin until 1859, when he 
accepted appointment as assistant astronomer in the Cincinnati 
Observatory, then justly celebrated on account of its powerful glass 
and its able director, General O. M. Mitchel. At the end of his first 
year in Cincinnati he was called to succeed the late Dr. Gould as 
director of the Dudley Observatory. It was during fourteen years 
of residence in Albany, 1860-74, that he invented his printing barom- 
eter, self-recording thermometer, and anemograph. Here also, in 
1871, he perfected his printing chronograph. 

An interval of five years was devoted to commercial pursuits. At 
the end of this period, 1879, he assumed the directorship of the Dear- 
born Observatory and began a micrometric study of the Jovian system, 
which he continued, with important results, during thirty years. 
His work upon double stars, of which he discovered no less than 648, 
had its beginning in 1881. The difficulty and importance of many 
of these objects justifies the altogether admirable work which Profes- 
sor Eric Doolittle has done in remeasuring them. In the number 
of double stars discovered, Hough is outranked by Burnham, Aitken, 
and Hussey; but, out of more than ten thousand double stars already 
studied, only one is known which is of as short period as Hough’s 
No. 212 (13 Ceti). 

That fine dynamical sense which had enabled him to do much for 
the instrumental side of meteorology led him to invent an easily mov- 
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ing dome and an easily adjustable observing chair, each of which has 
been widely employed in other observatories. 

Classroom teaching Professor Hough never considered his chief 
duty; yet no student ever went away from one of his lectures with 
the memory of an unkind word or of an explanation that was not 
clear. 

Sham and ostentation were both foreign to his nature. In his 
simplicity of life, singleness of purpose, and kindliness of heart a 
host of friends have found in him a worthy example. 


H.C. 


NOTE ON THE SPECTRUM OF THE ANDROMEDA 
NEBULA 

In Lick Observatory Bulletin No. 149, Mr. Fath makes a hardly 
admissible remark regarding the fact I pointed out ten years ago 
(Astronomische Nachrichten, 148, 325, 1899) that the Andromeda 
nebula exhibits an absorption spectrum of the second stellar type. 
He thinks that my spectrogram was so faint as to leave some doubt 
in regard to my interpretation of it. He is led to this idea in a rather 
remarkable manner: because of the omission of any reference to my 
result in the third edition of Newcomb-Engelmanns Populdre Astro- 
nomic, although the late Director Vogel presumably had seen the 
plate before publishing this revised edition. Hence if a fact is not 
mentioned in a popular work, it is doubtful! 

If Mr. Fath was in doubt in regard to my interpretation, the 
normal procedure would have been to consult me, when I could have 
assured him that the evidence of the spectrogram was entirely definite 
and that I was myself astonished at the result, having anticipated a 
spectrum of the first type. I should further have been able to call 
his attention to the fact that many other results of mine are omitted 
in the third edition of the above-mentioned work. 

Doubt as to the correctness of my interpretation would have been 
more intelligible if Mr. Fath had reached a conclusion different from 
mine; but, on the contrary, he arrives at exactly the same result, 
and his paper accordingly is a satisfactory confirmation of mine. 

J. SCHEINER 
POTSDAM 
June 1909 

















7° MINOR CONTRIBUTIONS AND NOTES 


CELESTIAL CHARTS BY J. PALISA AND M. WOLF 


The second series of Celestial Charts will be published early in 
August, to be followed some time later by a third series. The price 
for the second series is $7.50, if ordered from me before the end of 
the month of November. ‘The price from booksellers is $8.75. After 
the end of November, a copy will cost $10.00. 


J. PALISA 
OBSERVATORY, VIENNA, AUSTRIA 
July 3, 1909 





REVIEWS 
Die binocularen Instrumente. Nach Quellen bearbeitet von M. von 
Rowe. Berlin: J. Springer. Pp. viiit+224. M. 6. 

This work resembles the Theorie und Geschichte des photographischen 
Objectivs by the same author in adopting a method of treatment mainly 
historical and as little technical as the subject would justly permit. It will 
doubtless command a similar authoritative place in the literature of optical 
instruments. 

The first part, of sixteen pages, contains a sketch of a general theory 
covering all forms of binocular instrument, obtained by uniting the theory 
of geometric relations involved in the combined perspective from two points 
of sight with the theory of monocular vision in nearly the form given it by 
Gullstrand. The value of such a unified theory is plain in the light of the 
author’s well-justified statement that any optical instrument which is 
intended ultimately to furnish an image for visual examination admits of 
construction as binocular. Here is shown the important contrast between 
those types of instrument where the image is viewed directly, as in the opera- 
glass and double microscope, and those of the stereoscope class, using 
pictures made by artificial construction or by photography with a double 
camera. Taken by itself this part would seem rather too concise, but 
serves adequately as an outline, leaving many details of the theory to be 
considered in connection with the special instruments in which they were 
first illustrated or applied. 

The second part contains the bulk of the work, devoted to a historical 
survey from the time of the invention of the telescope down to the present, 
set conveniently in the form of six periods. The period before Wheatstone 
furnishes the earlier forms of double Galilean or Dutch telescope, certain 
crude stereoscopic experiments, and related examples of optical illusion. 
The invention of the mirror stereoscope by Wheatstone and the develop- 
ment of photography lead to the epoch of greatest interest in stereoscopic 
methods at the middle of the nineteenth century. Later decades witness 
the introduction of various forms of stereoscope, stereoscopic camera, and 
binocular microscope; and finally a renewed interest in the whole subject 
appears in the last decade of the century, resulting, for example, in the 
prism field-glass, stereo-comparator, and Greenough binocular microscope. 
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The treatment throughout unites great wealth of detail with a luminous 
and interesting style. 
The third part contains an extended bibliographic list and a convenient 


topical index. 
A.C. hh. 


Gaskugeln: Anwendungen der mechanischen Warmetheorie. By R. 
EMDEN. Leipzig: B. G. Teubner, 1907, 8vo, pp. 498, with 37 
figures. Bound, M. 13. 

The mathematician of today who wishes to devote his skill to the service 
of astronomy finds himself in a particularly difficult position. Problems 
in which mathematical analysis can start from a basis of assured physical 
facts, problems, in short, such that the solution obtained by the mathe- 
matician may be expected to agree with that of nature, form a class of 
strictly limited extent. The class comprises, roughly speaking, those 
problems whose physical basis is the law of gravitation alone, and these 
problems have, for the most part, been fully worked out. The agreement 
so discovered between theory and fact, and the consequent power of explain- 
ing and predicting phenomena, have not only attested to the universality 
of the law of gravitation; they have also provided a justification for the sup- 
position that no agencies but gravitation need be taken into account. 

But beyond this narrow sea-shore of knowledge which the mathematician 
has conquered, there lies a whole ocean of problems which he has as yet left 
almost unexplored. The waters become deep as soon as we attempt to 
deal with phenomena in which other physical agencies compare in impor- 
tance with gravitation. The difficulties are not, in general, caused by the 
mere presence of new agencies, but by the circumstance that they are at 
work under conditions of which we can have no direct experience. Laws 
which are to be valid under astronomical conditions cannot as a rule be 
obtained by extrapolation from terrestrial conditions. For instance, a knowl- 
edge of the relations between the temperature, pressure, and density of a gas 
in the laboratory only form a small step toward a knowledge of what relations 
ought to be supposed to exist in astronomical phenomena. ‘The mathema- 
tician has good cause for hesitation before devoting much time to an investi- 
gation based on the supposition that the laws of Boyle and Charles express 
the whole truth throughout all the universe. The evidence acquired in the 
laboratory is put out of court as soon as, for instance, the spectroscope 
is turned on the sun. What is to be made of the behavior of the gases 
in the chromosphere, or, without leaving our own planet, how is it that 
the highest layers of our atmosphere seem to consist largely of two of its 
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heaviest constituents, neon and krypton? The mathematician who hopes 
to put the laws of the laboratory into his analysis, and to extract the truths 
of the universe, is clesrly doomed to disappointment. 

Before astrophysical truths can be derived by mathematical analysis 
it appears certain that new terms must be introduced into the ordinary gas- 
equations to represent light-pressure, electric action, and possibly cohesion 
and other agencies. And until a clearer conception than is at present pos- 
sible can be formed as to the nature and relative importance of these new 
terms, the results of mathematical analysis cannot be expected to tally with 
nature. 

These reflections, in so far as they express the truth, ought to be before 
the mind of the reviewer as well as of the investigator. Dr. Emden’s book 
must not be judged by its agreement or disagreement ‘with the known facts 
of astronomy; his main service to us, I think, is not that he has explained 
any new phenomenon of nature; it is that he has given us a most valuable 
summary of all that is known (and this includes a great deal that would 
not be known but for Dr. Emden’s own researches) about the abstract theory 
of the configurations of a sphere of gas acted on by gravity and gas-pressure 
alone. The gas has to be supposed to be acted on only by agencies which 
are fully understood, for exact analysis can obtain no foothold where 
unknown or only partially known agencies are postulated. The author 
reminds us of Green’s words: ‘‘I have no faith in speculations of these 
kinds unless they can be reduced to exact analysis,” and he gives practical 
evidence of his own faith in exact analysis by carrying his calculations often 
to six, and sometimes to seven, significant figures! 

In the first part of the book the abstract problem is treated completely 
and satisfactorily for the series of configurations in which the pressure and 
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density are connected by the relation pz 
are given for special values of k, including the values appropriate for 
isothermal equilibrium (k=1) and for convective equilibrium (k=12 and 
1%). This part of the work would be of first-rate importance, even if it 
had no value except as a study of the numerical solution of differential 
equations of the second order. 

The second part (Anwendungen) seems to the reviewer to derive its 
main value from the information which it gives, somewhat indirectly and 
possibly unintentionally, as to the extent to which astronomical conditions 
may be represented by the simple hypotheses on which the first part is based. 
For instance the author finds that at the center of the major component of 
€ Herculis, the pressure must be 1 .g602 X 10° atmospheres, and the temper- 
ature 6.8840X10° degrees centigrade. The legitimate inference would 
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seem to be that the conditions in the interior of ¢ Herculis are not quite so 
simple as those postulated, although surely this much is obvious without a 
calculation carried to five significant figures. The whole of the second part 
of the book abounds with similar works of supererogation, but this does 
not detract from the suggestiveness or interest of Dr. Emden’s treatment 
of his subject. The reviewer cannot but feel that many of the problems 
will only progress when they are treated from a more physical point of 
view than that of Dr. Emden, but this does not prevent his offering a very 
warm although somewhat belated welcome to what is obviously a piece of 


fine mathematical work. 
J. H. Jeans 


Recherches théor étiques et ex périmentales sur la constitution des s pectres 
ultraviolets détincelles oscillantes. Par EUGENE NECULCEA. 
Paris: A. Hermann, 1908. Pp. 220. Fr. 12. 

This volume, which is a study of the ultra-violet spark spectrum as 
affected by a variation of self-induction, comprises four parts. The first 
gives a historical résumé of different methods for producing spectra, 
and of views concerning the constitution of the spark. The second section 
deals with the general field of spectroscopic apparatus. Here will be found 
a digest of the already classical papers of Rayleigh, Michelson, Wadsworth, 
Schuster, Hemsalech, Hartmann, and others. A third section is devoted 
to the description of the author’s own apparatus for photographing spark 
spectra in circuits where both self-induction and capacity are variable. 
His various experimental results occupy the fourth and last section: Here, 
by means of tables of intensities and by the aid of photographic reproduc- 
tions, are shown the interesting effects of self-induction ranging from 
0.00001 to 0.002 of a henry. Lines in the spectra of some ten metals are 
classified on a basis of self-induction, using the nomenclature proposed 
by Hemsalech. The volume as a whole is a practical and brief treatise 


on the subject of spectroscopy. 
H.C. 





